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7. 2 stalenbuis paal 1 
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10.1 bachv. boorpaal 
10.2 bachy_ diepwer.dpaal 
11.1 soleton. booroeal met cilinderboor 
11.2 soleton_ schroe�boorpaal 
__ � soleten _ diepwondpaal 
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c=:=::Jc=:=::Jc:::J eventueel mogelijk belastingsgebied belastingen ontleend aan de belastingsgrarieken van het 
globale indiCatie ven mogelijk belastingsgebied 
idem bij specifiek voor trekbelasting te 
gebruiken systemen 
documentatiedeel doch exclusief wapening 
Bijlage 10 b 
Schema 3. OVERZICHT S>TANDAAR D-SCHACHT AFMETING EN 
nr. benaming paalsysteem in te brengen element schachtvorm standaard schachtafmetingen 
uitwendige maat in cm 
nr. benaming paalsysteem 
standaard schachtafmetingen 
in te brengen element schach tvorm'.r uitwendige maat in cm-
meest gebruikte afmetinger meest gebruikte afmetingen 
1.1 . houten paal kopomtrek/puntomtrek rond 50/30 55/30 �0/32 65/35 70/35 75/35 85/45 90/45 6.1 wit-betonpaal stalen casingelementen rond 26 29 32 36 3942 45 
75/40 80/40 85/40 95/45 6.2 wi !-pulspaal stalen casingelementen rond 29 32 36 39 42 45 
1.2 opzetters voor houten palen uitwendige diameter rond 23/pen 35/pen 26/55 28/60 28/65 31/60 
opzetter/min. paal kop· 31/65 33/80 35/70 : 
omtrek . 
6.3 wit-bolvoetpaal stalen casingelementen rond 26 29 32 36 39 42 45 61 
6.4 atlaspaal stalen inbrengbuis rond 36 40,5 42 44,5 4 7 52 61 
2.1 geprefabriceerde gewapend geprefabriceerde beton· vierkant 20 27 28 29 22 25 30 32 34 35 36 38 50 6.5 fondedi lepaal schroefboor rond 9 1 0 11 13 1 5 1 7 22 30 
betonpaal schacht 40 42 45 
- punt bij prefab betonpaal verzwaarde punten vierkant 27 28 30 31 36 34 35 38 39 40 42 43 52 53 59 
37 41 46 4 7 48 44 45 49 50 51 55 56 61 63 66 67 
7.1 beton-<lrukpaal betonnen buiselementen rond 28 32 36 40 �6 51 
7.2 stalenbuispaal stalen casingelementen rond 11.4 13,3 16,8 21,9 26,7 
60 65 69 71 72 73 27,3 32,4, 36,8 40,6 
78 7.3 I tb paal betonsegmenten rond 17 20 23 28 32 
- geprefabriceerde gewapend geprefabriceerde beton· rechthoekig 38 x 45 40 x 45 42 x 50 
betonpaal schacht 45 x 50 50 x 55 
8.1 m v-paal stalen inbrengschoen vierkant 20 22 22,5 25 27,5 30 32,5 
35 37,5 40 
- punt bij prefab. betonpaal geprefabr. betonpaal rechthoekig 45 x 5_5 53 x 63 65 x 78 - m v-paal stalen inbrengschoen rechthoekig 35/60 
- geprefabr. gewapend holle betonschacht rond 60 - m v-paal stalen inbrengschoen rond 40 50 60 70 
betonpaal 
2.2 duplexpaal betonnen schacht- 8·kantig 25 30 (diameter inge-
9.1 delta paal boorkop+ buis rond 35 40 45 
elementen schreven cirkel) 9.2 fundexpaal boorkop +buis rond 36,8 (schacht ca. 44) 
2.3 herkules paal geprefabr. betonschacht 6-kantig 26,3 30.5 43,3 
(diameter ingeschreven 
cirkel) 
9.3 fundex-trekpaal boorkop +buis rond 36,8 (schacht ca. 44) 
9.4 tube x paal boorkop+ casingbuis rond 36,8 (schacht ca. 44) 
2.4 schakelheipaal geprefabr. betonelement rond 22 . 
2.5 bitu paal ge pre fabr. betonschacht vierkant 31,8 35,5 zie 2.1 
3.1 franki paal stalen inbrengbuis rond 41,947 52 60 70 
3.2 franki-mixedpaal geprefabr. betonschacht vierkant 20 22 27 29 35 42 
9.5 ti rexpaal inbrengbuis = casing 6-hoekig RP 52 Rodange profiel 
± 1128 cm' 
- ti rexpaal schacht= I-profiel metpunt !-profiel elk gewenst profiel 
10.1 bachy-boorpaal bakboor rond 60 80 100 120 140 160 180 400 
250 300 
- franki-mixed paal stalen inbrengbuis rond 35,5 41,9 47 52 60 70 10.2 bachy-<liepwandpaal betonpanelen rechthoekig 270 x 50, 60, 80, 1 00; 
3.3 franki-mi xed-casi ngpaal stalen casing rond 25 32 37 42 52 360 x 100, 150 
- fran ki-mixed-casi ngpaal stalen inbrengbuis rond 35,5 41,947 52 60 11.1 saleton-boorpaal cylinderboor rond 56 61 76 91 106 120 
3.4 fran ki-casi ngpaal casing = inbrengbuis rond 30 35 40 45 
3.5 fran ki·trilbetonpaal stalen inbrengbuis rond 36,8 41,9 47 52 
4.1 vibropaal stalen inbrengbuis rond 35 43 48 53 58 72 
4.2 vibro-casingpaal stalen casing rond 40 42 44 48 60 
137 150 198 
11.2 saleton-boorpaal schroefboor rond 38 48 56 62 68 
11.3 soleton-<liepwandpaal betonpanelen rechthoekig 
I 180 x 50, 60, 80, 100; 220 x 50, 60, 80,100,150 300 x 50, 120, 1 50 
- vibro-casingpaal I stalen inbrengbuis rond 53 53 58 72 12.1 bata-boorpaal cylinder of schroefboor rond 45 55 60 75 80 90 105 120 350 150 165 185 
4.3 vibro-combi natiepaal geprefabr. betonschacht vierkant 20 22 25 30 34 42 
- vibro-combi natiepaal stalen inbrengbuis rond 35 43 48 53 58 72 
12.2 bata-boorpaal avegaar rond 30 40 50 i 
4.4 vibro-trekpaal stalen inbrengbuis rond 35 43 48 
12.3 bate-diepwandpaal betonpanelen rechthoekig 188 x 51, 61, 76; 
- 213,5 x 92,5, 122 
4.5 vibra paal inbrengbuis + casing rond 45 13.1 holmpresspaal stalen inbrengbuis rond 40,6 45,7 50.8 61 
4.6 n.m.s. paal schroefboor rond 45 13.2 hol mpress-casi ngpa�l stalen casing rond 35,6 40,6 45,7 50,8 
4.7 vibro-groutan kerpaal stalen inbrengpijp I rond 9,5 14,0 - holmpress-casi ngpaal stalen inbrengbuis rond 40,6 45,7 50,8 61 
5.1 van parerapaal stalen inbrengbuis rond 36,8 41,947 50,8 61 70 13.3 ho lm press-trekpaal stalen inbrengbuis rond 40,6 45,7 50,8 61 
5.2 van parera-tri I paal stalen inbrengbuis rond 36,8 41,947 50,8 61 70 13.4 goorbe rgh -sI agpaal inbrengbuis = casing rond 10 tot 40 
5.3 van parera-casingpaal stalen casi ng rond 30,6 35,6 41,9 45,7 55,9 61 
13.5 goo rbe rgh -boa rpa al schroefboor+ buis rond 30 40 
- van parera-casingpaal stalen inbrengbuis rond 36,8 41,947 50,8 61 70 
13.6 jacbopaal stalen inbrengbuis rond 25 27,5 30,5 32,4 35,5 39 42 
5.4 van parera-combinatiepaal geprefabr. betonschacht . vierkant 22 25 30 32 40 45 
- van parera-combinatiepaal stalen inbrengbuis rond 36,8 41,947 50,8 61 70 
13.7 jacba-boorpaal stalen boorbuis rond 32 42 52 62 72 
5.5 van parera-trekpaal I stalen inbrengbuis rond 36,8 41,947 50,8 61 70 13.8 stalenpaal 
staalprofiel als schacht willekeurig elk gewenst profiel 
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2.1 geprel almceerde betonpaill 
1 
2 5 bitu p<tal 
3 8 stalen pilal 
1.1 houten paal 
2.1 gepref�br ic eerde betonpaal 
25 bitu paal 
138 stöl e n paal 
d arn wi.lndplanken 
2. 4 schakelhelpaal 
6.1 w•t-betonpaal 
7 . 2 s Ut lenburspaal 
1. 2 houten paal met 
2.2 duplexpaal 
2,4 schakelhelpaal 
7.2 s ti.llenbuispë::tal 
7. 3 l t  b paéJI 
3 2 fr <-� nk '-mi x edpa ct I 
opzet ter 
4.3 vibro_combinatiepaal 
5.4 van parera_combinatrepaal 
8.1 nt v paal I geen vergrote voet ! 
3 3 franki mixed_ca srng paal 
6� 1 wit_betonpaal 
6_3 wi t_bolvoetpaal 
7, 1 beton- drukpaal 
7 . 2 stalenbuispaal 
3. 4 lranki_casingpaal 
4. 2 vrbro_casingpaal 
5. 3 van parera_casrngpaal 
7. 2 stalenbuispaal 
3. 1 - frankipaal 
6.4- atlaspaal 
1 3  4 goorbergh_slagpaal' 
13.6 jilcbopaal 
3 .5- lranki_trilbetonpaal 
4, 1 - vibropaal 
4. 7 vibro_groutankerpaaf 
5.1 van parerapaal 
8. 1 - rn v paal { geen vergrote voet ] 
2. 1 
13.8 
g eprefabric ee rde bc tonpaal 
stalen paal 
damwandplanken 
4, 5- vil>rapaal 
5.2- van parera_ trilpaal 
7. 1 - beton-drukpaal 
7. 2- st alenbuispaal 
7. 3 I. t.b. paal 
8.1 mvpaal 







9. 4 lubexpaal 
grondverw ijderend ( 13 5 r------------�,�o-n-d�e-r __ s_p_e-· c�i�.,- �-e--s_t _e _u_n_v�l-o-e�i s_ t_o_l�----------------------�-----------, 1 3:7 goor bergh_ boor pa a I jacba-boorpaal 
9 rondver vv iJderentl 
ntet steunvloerstol I bentorü.1el 
orH1er < c punt 
gr or1d vcrwijdcr e nd 
met steunvloeistof ! benton ite I 





solaton_boorpaal I cri boor> 
bato_ boorpaal I c i I boor I 
4.6- n,n1 . s paal 
11 .2- sol�ton_boorpaal 
12.7- bato_boorpaal 
I avt!gaar ) 
I avegaar I 
10.2 






ba eh y_d.epwand pa a I 
sole ton _d iepwand pa a I 
bato_diepwandpaal 
wit_pulspaal 
londedilepaal i wor �elpaal l 
goorbergh_boor paill 
jacbo_boorpaal 
Schema 5. G R 0 E PS I N D E  L I N  G 
Vanuit het bouwproject 




kades van stadsgrachten 
terre i n leidingen, d u i kers 
semi permanente constructies 
l i chte mach i nefundaties 
kleine schooltjes (één laag ) 




openbare gebouwen, kantoren 
viaducten, kleine bruggen en gema len 
bejaardentehuizen, kle ine z i e k e n h u i ze n  
lage flatgebouwen 
reservoirs 
zware mach inefundaties 
Hoogbouw, zware u t i l i teitsbouw 
fabrieken 
hoge kantoorgebouwen, flatgebouwen, 
win kels 













hoogspa n n i ngsmasten 
Waterbouwkundige werken 
kadecontructies 




U i tbreidinge n  
gebouwen 





geprefa briceerde betonpalen 
in de grond vervaardigde 
palen met kle ine d iameter 
ambach tel i jke systemen 
(vaak streekge bonden ) 
bijzondere systemen 
(vaak staa l ,  profiel of bu i s )  
geprefabriceerde betonpalen 
(al of niet voorgespan n e n )  
met of zonder verzwaarde voet 
in de grond vervaard igde 
palen ( i ngeheid of i ngetri l d )  
mortelschroefpalen 
in de grond samengestelde pa len 
boorpalen met kleine d iameter 
stalen palen 
geprefabricee rde (voorgespannen I 
betonpalen met zware afmetingen 
(met of zonder verzwaarde voet) 
in  de grond vervaardigde palen 
met grote diameter eventueel 
met verzwaarde voet 
boorpalen met grote diameter 
diepwandpalen of diepwanden 
stalen pa len 
in de grond vervaardigde palen 
(gesch i kt voor trek of dru k­
belas t i n g )  
groutankerpa len ; m v  palen 
diepwandpalen 
houten palen 








mortelsch roef pa fen 
boorpalen 
getrilde systemen 
in de grond samengestelde palen 
dru kpalen 
pulspalen 
in de grond samengestelde palen 
mortelschroefpalen 
Vanuit de bouwplaats en omgeving 
Serie prod u k tje 
snel le  wendbare apparatu u r  
systematiek bij heien 
meerdere u itwisse lbare 
mach ines 
Zware mechanische apparatuur 
veel rui mte op bouwplaats 
heiste l l ing bijvoorbeeld 
op ra i ls  
goede aan- en afvoer van 
zwaar materieel en materiaal 
moge l ij k  
gel u ids en tri l l i ngsh inder 
vormt geen bezwaar 
Beperkte rui mte 
Open water 
Tr i l l ingsarm 
houten pa len (eve ntueel  
met opzetter) 
geprefabriceerde betonpalen 
(al of n iet voorgespannen,  
a l  of  n iet met verzwaarde voe t )  
stalen palen 
normale in de grondvervaardigde 
palen 
morte lschroefpa l e n  
schroefpalen 
geprefabriceerde betonpalen • 
(al dan n iet voorgespan n e n ,  
al d a n  niet met verzwaarde voet) 
bijv. te heien met zware 
:men kste l l i n g  
i n  d e  grond vervaard igde 
palen met grote d i ameter, 
ook getrilde syste men 








(al of niet  voorgespan n e n ,  
a l  o f  n i et m e t  verzwaarde voet) 
houten pa len 
stalen palen 
in de grond vervaardigde 
casingpalen of combinatiepalen 
(mits stel l i ng op bak ken 





morte lschroefpa l e n  
ingetrilde systemen 
boorpale n ;  d iepwandpalen 
.ç, 
Vanuit de grondgesteldheid 
Grote le ngte 
Lengte en/of voetoppervlak 
aanpasbaar tijdens de uitvoering 
E l im inatie negatieve k l eef 
Passeren van vaste tussenlagen 
Grote buigende momenten 
opneembaar 
geprefabriceerde betonpa l e n  
(voorgespan n e n ,  eve ntueel  
me t verzwaatde p u n t )  
in d e  grond vervaardigdL pal e n  
boorpa l e n  (grote d i ameter) 
diepwandpalen 
- .  stalen palen (even tueel 
verlengen d.m .v. lassen op het we r k )  
i n  d e  grond vervaardigde 
palen ( n i et alle typen I 
dru kpa l e n  met h o l l e  stalen 
of beton nen segmenten 
bijzondere boorpa l e n  
geprefabriceerde beto n pa l e n  
m e t  bitumenlaag 
i n  de grond vervaardigde 
casingpa l e n ,  mixedpalen of 
combinatiepalen (veelal  met 
toepassing van coatings ) 
boorpa l e n  met casi ngs 
boorpa len (grote d iameter ) 
ge tri lde systemen met f l u ïderen 
diepwandpalen 
pulspa l e n  
geprefabriceerde betonpalen 
met spuit lans 
i n  de grond vervaardigde pa l e n  
waarbij zwaar heiwerk moge l i j k  is  
mortelsch roefpa l e n  
i n  d e  grond vervaardigde pal e n  
palen m e t  staalprofiel kern 
casingpalen met d i kwandige 
casing 
boorpa l e n ;  diepwandpalen 
speciale geprefabriceerde 
beton pal en (voorgespa n n e n )  
stalen palen 
'------
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I N L E G B LA D  S / 1  
S .  I N G E P E R S T E P A L E N 
S a . g e p r e f a b r i c e e r d e  v a n  b e t o n  
S b . g e p r e f a b r i c e e r d e  v a n s t a a l  
l .  B E S C H R I J V I N G  
1 .  U i t v o e r i ng 
D e z e  p a l e n w o r d e n  i n g e b r a c h t  d o o r  h e t  i n p e r s e n t o t  o p  d e  t e  b e r e i ­
k e n  d i e p t e ,  v a n  g e p r e f a b r i c e e r à e  b e t o n n e n  o f  s t a l e n p a a l e l e m e n t e n . 
D e z e  u i t v o e r i n g s w i j z e  v � r o o r z a a k t d e  v e r d r i n g i n g v a n d e  g r o n d . 
D e z e  v e r d r i n g i n g  i s  e c h t e r  k l e i n e r  v o o r  m e t a a l p r o f i e l e n . 
Opm e rk i n g e n  
H e t  i n p e r s e n v o r m t  e e n  p e n e t r a t i e p r o e f , w a a r b i j  d e  t o t a l e  b e l a s t i n g  
( p u n t w e e r s t a n d  + l a t e r a l e w r i j v i n g )  wo r d t g e m e t e n .  
D e  s t e u n  v o o r  d e  p e r s  w o r d t m e e s t a l  g e l e v e r d  d o o r  d e  t e  v e r s t e v i g e n 
k o n s t r u k t i e  o f ,  i n  h e t g e v a l  v a n  e e n  n i e u w e  k o n s t r u k t i e , d o o r  e e n  
d a a r t o e  v o o r z i e n e  b a l l a s t .  
2 .  A f m e t i nge n 
2 . I ��� E � � �� � � i � g � �  
D e  d w a r s a f m e t i n g e n s t a a n v e r m e l d  o p  d e  s t e e k k a a r t e n . 
D e  l e n g t e  i s  t e o r e t i s c h o n b e g r e n s d . 
r e a k t i e k r a c h t  d i e  k a n  w o r d e n  b e k o m e n  
Z e  w o r d t e n k e l b e g r e n s d  d o o r  d e  
e n  d e  w e e r s t a n d  v a n d e  g r o n d . 
3 .  H e l l i n g  t e n  o v e r s t a a n v a n  d e  v e r t i k a l e  
Z e  � s  g e w o o n l i j k  n u l . 
4 .  T o e l a a t b a r e  b e l a s t i ng e n 
D e  t o e l a a t b a r e  b e l a s t i n g e n z i j n  f u n k t i e  v a n  d e  k a r a k t e r i s t i e k e n  
z o w e l d e z e  v a n  d e  g r o n d w a a r d o o r  d e  p a l e n  i n g e p e r s t  wo r d e n  a l s  d e z e  
v a n  d e  g r o n d o n d e r  d e  p a a l p u n t . 
Z e  z i j n  e v e n e e n s  f u n k t i e v a n  d e  v o r m , d e  a f m e t i n g e n  en d e  e i g e n s c h a p ­
p e n v a n  d e  p a a l m a t e r i a l e n . 
D e  o p  d e  s t e e k k a a r t e n v e r m e l d e  w a a r d e n  g e l d e n e n k e l a l s  i n l i c h t i n g  . 
I n  i e d e r  b i j z o n d e r g e v a l  m o e t  d e  u i t v o e r e n d e  f i r m a  w o r d e n  g e r a a d p l e e g d . 
Z i e e v e n e e n s  I I  T o e p a s s i n g s d o m e i n .  
1 2 1  
5 I 2 
4 . 1 D r u k  
D e  t o e l a a t b a r e m a x i m u m b e l a s t i n g  i s  b e p e r k t , o p  d e  v e i l i g h e i d s ­
k o ë f f i c i e n t  n a , t o t d e  m a x i m u m b e l a s t i n g  u i t g e o e f e n d  b i j  h e t  i n p e r s e n .  
G e w o o n l i j k i s  d e  m a x i m u mk r a c h t b i j  h e t  i n p e r s e n g e l i j k a a n  o n g e v e e r  
I , 5  t o t 2 m a a l  d e  g e b r u i k s b e l a s t i n g , h e t g e e n v o o r  i e d e r e  p a a l  e e n 
g o e d e o p l e v e r i n g s p r o e f  (b e l a s t i n g s p r o e f ) b e t e k e n t . 
4 . 2  T r e k 
4 . 4 � � E ���E � � � 1 � � ! � � g  
D e  k r a c h t e n  d i e  o v e r e e n s t e rn m e n  m e t d e z e  k r a c h t w e r k i n g e n  k u n n e n  e n k e l  
w o r d e n  o p g e n o m e n  w a n n e e r  d e  w i j z e  v a n  v e r b i n d i n g  v a n  d e  s a m e n s t e l l e n ­
d e  p a a l e l e m e n t e n d i t  t o e l a a t  ( m e t  d i t  d o e l  g e a s s e m b l e e r d e  m e t a l e n  e l e ­
m e n t e n ) . 
D e  t r e k s t e r k t e  h a n g t a f  v a n  d e  a f m e t i n g e n  v a n  d e  p a a l . 
D e  k o p d w a r s b e l a s t i n g s w e e r s t a n d  h a n g t  e v e n e e n s  a f  v a n  d e  g r o n d k a r a k ­
t e r i s t i e k e n , i n  h e t  b i j z o n d e r  i n  d e  b o v e n s t e m e t e r s . 
5 .  A n d e r e  k a r a k t e r i s t i e k e n  
5 .  � I a t e r i a l e n  
D e  k a r a k t e r i s t i e k e n v a n  g e p r e f a b r i c e e r d e  b e t o n e l e m e n t e n z � J n  f u n k t i e  
v a n  d e z e  v a n  h e t  b e t o n  e n  v a n  d e  w a p e n i n g . 
D e  a s s e m b l a g e w i j z e  i s  f u n k t i e  v a n  h e t  o p  t e  l o s s e n p r o b l e e m .  
D e  k a r a k t e r i s t i e k e n  v a n d e  m e t a l e n e l e m e n t e n ,  b u i z e n ,  p r o f i e l e n , 
s t a a n v e r m e l d  i n  d e  k a t a l o g i  v a n  d e  f a b r i k a n t e n .  
5 . 2  W e r k r u i m t e  
W a n n e e r  h e t  g a a t o m  e e n  o n d e r b o u w , v o l s t a a t  e e n  v r i j e h o o g t e  o n d e r  
d e  o p l e g p l a a t s , d i e  g e l i j k  i s  a a n  o n g e v e e r  d e  h o o g t e  v a n  d e  v i j z e l  
i n  r u s t t o e s t a n d , v e r m e € r d e r d  m e t d e  h o o g t e  v a n  h e t  e e r s t e  p a a l e l e ­
m e n t  e n  e v e n t u e e l  v a n  d e  v e r d e e l p l a a t  d i e  d i t  e l e m e n t  a f d e k t . 
W a n n e e r  h e t  g a a t  o m  e e n  
p e r v l a k t e  h o o f d z a k e l i j k  
b a l  l a s t .  
n i e u w e  k o n s t r u k t i e , i s  d e  v e r e i s t e  w e r k o p ­
f u n k t i e  v a n  d e  a f m e t i n g e n  v a n  d e  v e r e i s t e 
1 1 .  T O E P A S S 1 N G S D O M E 1 N  ( t o e p a s s i n g s m o g e l i j k h e d e n  e n -g r e n z e n )  
I .  D e z e  p r o c é d é s  w o r d e n h o o f d z a k e l i j k  t o e g e p a s t b i j  o n d e r b o u w w e r k e n  
� n  z e e r  b e p e r k t e  r u i m t e n .  
Z e  z i j n  g e s c h i k t  v o o r  d e  p l a a t s i n g  v a n  p a l e n z o n d e r  s c h o k k e n , 
t r i l l i n g e n  n o c h  l a w a a i .  D e  p a l e n v e r o o r z a k e n  e e n v e r d r i n g i n g  v a n  
d e  g r o n d . 
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2 .  B i j o n d e r b o u w w e r k e n  d i e n t  h e t  b e s t a a n d e b o u ww e r k g e s c h i k t  t e  
w o r d e n  g e m a a k t  o m  o p  d e  p l a a t s  v a n  d e  p a l e n t e  k u n n e n  w e e r s t a a n a a n  
e e n  g e k o n c e n t r e e r d e  b e l a s t i n g  g e l i j k a a n  d e  m a x i m a l e b e l a s t i n g  u i t ­
g e o e f e n d  d o o r  d e  v i j z e l  . 
3 .  Z o a l s v o o r  a l l e  p a l e n , m o e t  r e k e n i n g w o r d e n  g e h o u d e n  m e t  d e  e v e n ­
t u e l e n e g a t i e v e  k l e e f .  D e z e  k l e e f  k a n w o r d e n  b e p e r k t  d o o r  h e t  a a n ­
b r e n g e n  v a n  e e n  k l e e f b e p e r k e n d e p l e i s t e r l a a g . 
4 .  I n  z e e r  a g r e s s i e v e  g r o n d  k a n  d e  p a a l  w o r d e n  b e s c h e r m d  m e t d o e l ­
t r e f f e n d e  p r o d u k t e n . 
5 .  V o o r  p a l e n b e s t a a n d e  u i t b e t o n e l e m e n t e n  w o r d e n  o v e r h e t a l g e m e e n  
e n k e l  d r u k k r a c h t e n  t o e g e l a t e n .  
6 .  P a l e n b e s t a a n d e  u i t  m e t a l e n e l e m e n t e n  k u n n e n  w e e r s t a a n  a a n  a n d e r e  
k r a c h t e n  ( t r e k , b u i g i n g , k o p d w a r s b e l a s t i n g ) , m i t s  d e  a s s e m b l a g e w i j z e  
v a n  d e  e l e m e n t e n a a n  h e t  o p  t e  l o s s e n p r o b l e e m i s  a a n g e p a s t  . 
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B e n a m i n g  v a n  
h e t  p r o c é d é  
G E P R E F A B R I C E E R D E  P E R S P AAL M E T  B E T O N E L E M E N T E N  
( D E  W A A L ) 
U i t g e v o e r d d o o r  D E  WAAL P A L E N , N .  V . , H U I Z I N G E N  
I .  U i t v o e r i n g 
a .  I n p e r s e n v a n  b e t o n e l em e n t e n  d o o r. m i d d e l  v a n e e n  h y d r a u l i s c h e  v i j z e l . 
b .  D e  o nd e r l i n g e  v e r b i n d i n g  v a n  d e  e l em e n t e n g e b e u r t  d o o r  i nw e n d i g e  
( b i j  h o l l e  e l e m e n t e n )  o f  u i t w e n d i g e  ( b i j  m o n o l i t i s c h e  e l e m e n t e n )  
p i j p l a s . 
c .  I n  b e p a a l d e  g ev a l l e n k a n  w a t e r  o n d e r  d r u k  w o r d e n i n g e s p o t e n .  
d .  B i j h e t  g e b r u i k  v a n  h o l l e  p a l e n , k a n  o p  h e t  a a n z e t p e i l  e e n v e r b r e d e  
v o e t  w o r d e n  a a n g e h e i d . 
2 .  A f m e t i n g e n  
a .  V o l l e  e l e m e n t e n  0 2 8 0  t o t S 0 1  m m  
b .  H o l l e  e l e m e n t e n  0 . 2 8 0  t o t  S 8 0 mm ; 0 .  8 9  t o t  1 1 1  m m . u � t w .  � nw . 
M a x i m u m  u i t g e v o e r d  2 S  m l e n g t e  v a n  d e  e l em e n t e n 
3 .  M a x i m u m h e l l i n g  t e n o v e r s t a a n  v a n  d e  v e r t i k a l e  
4 .  T o e l a a t b a r e  b e l a s t i n g e n  ( x )  
4 .  I D r u k  k o e r a n t  � t o t  1 . 2 0 0  k N . 
4 . 2  T r e k  e v e n t u e e l  1 0 0 k N  m a x i m um . 
4 . 3 ���g������  : e v e n t u e e l  + 2 0 0 k N m  . 
E v e n t u e e l  : + 
. .  , U i t z o n d e r l i j k 
2 0  t o t 3 0  kN . 
1 0 0 t o t  I S O k N . 
( *) Z i e  I n l e g b l á d S .  
0 ,  s 0 ,  e n  2 m .  
1 2 S 
S a  D E  W A A L / 2  
5 .  A n d e r e  k a r a k t e r i s t i e k e n  
5 . I M a t e r i a l e n 
a .  B e t o n  v o o r  p r e f a b e l e m e n t e n : 4 0 0  k g  c e m e n t / m 3 R ' wm m � n � m u m = 3 5  N / m m 2 
b .  L a n g s w a p e n i n g  v a n  d e  e l e m e n t e n : + 7. v a n  d e  d o o r s n e d e .  
c .  D w a r s w a p e n i n g s p i r a a l w a p e n i n g  0 6 m m . 
d .  M e t a l e n p i j p l a s  v o o r  o n d e r l i n g e  v e r b i n d i n g v a n  d e  e l em e n t e n . 
5 . 2  M a c h i n e s  
A f m e t i n g e n  i n  f u n k t i e  v a n  d e  w e r k w i j z e  ( t e g e n g e w i c h t  g e l e v e r d  d o o r  d e  
b e s t a a n d e  ko n s t r u k t i e  o f  d o o r a a n  t e  b r e n g e n  b a l l a s t ) . 
M i n i m a l e w e r k h o o g t e  0 , 9 0 m .  
6 .  U i t v o e r i n g s s c h e m a  ( g e v a l  v a n  o n d e r v a n g i n s w e r k e n ) 
. ' 
1 2 6 
A fb . 1 .  
1 .  h y dr a u � i s c h e  v i j z e �  
2 .  'v i j z e l  o m  de p a a l o n d e r  dr u k  t e  z e t t e n  
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B e n a m i n g  v a n 
h e t  p r o c é d é  
S t e e k k a a r t 
G E P R E F A B R I C E E R D E  P E R S P A A L  M E T  E L E M E N T E N  ( M E G A )  
U i t g e v o e r d d o o r  P I E U X  F R A N K I , S . A . , L I E G E  
I .  U i t v o e r i n g  
S a b 
F R A N K  I 
a .  I n p e r s e n d o o r  m i d d e l  v a n  e e n v i j z e l  v a n  p a a l e l e m e n t e n  v a n  g e w a p e n d  
b e t o n  o f  s t a a l  ( b u i z e n o f  b a l k e n ) . 
b .  D e  e l e m e n t e n  v a n  g e w a p e n d  b e t o n w o r d e n  a a n  e l k a a r  v e r b o n d e n  d o o r  
m i d d e l  v a n  e e n m o r t e l v o e g  o f  a n d e r e  v o e g e n , a a n g e p a s t a a n  d e  t e  
d r a g e n b e l a s t i n g e n . S t a l e n e l e m e n t e n  w o r d e n g e wo o n l i j k  a a n  e l k a a r  
g e l a s t  m e t o f  z o n d e r  n a a d b e d e k k i n g . 
c .  V o o r  o n d e r v a n g i n g s w e r k e n  w o r d t  d e  s t e u n r e a k t i e  g e l e v e r d  d o o r  d e  t e  
k o n s o l i d e r e n k o n s t r u k t i e ,  e v e n t u e e l  v i a e e n k r a c h t v e r d e e l b a l k . 
D e  k o n s t r u k t i e  m o e t  k u n n e n  w e e r s tà a n  a a n e e n  c e n t r i s c h k r a c h t  g e l i j k 
a a n  o n g e v e e r  I , 5  t o t 2 m a a l d e  v o o r z i e n e  g e b r u i k s b e l a s t i n g . 
B i j  p a l e n v o o r  e e n n i e u w e  k o n s t r u k t i e , w o r d t d e  s t e u n r e a k t i e o p g e n o ­
m e n d o o r  e e n  g e b a l l a s t e  o f  v e r a n k e r d e  m o b i e l e  i n s t a l l a t i e . 
d .  W a n n e e r  s t a l e n b u i s e l e m e n t e n w o r d e n g e b r u i k t , k a n  m e n  i n d i e n n o d i g  
i n  d e  s p o u w e e n w a p e n i n g  a a n b r e n g e n  e n  h e t  b i n n e n s t e  v a n  d e  p a a l  b e ­
t o n n e r e n . 
e .  B i j  o n d e r v a n g i n g s w e r k e n  w o r d t d e  a a n s l u i t i n g  a a n  d e  f u n d e r i n g  v a n  
h e t  l a a t s t  i n g e p e r s t  e l e m e n t  u i t g e v o e r d  d o o r  d e  p a a l o n d e r  s p a n n � n g  
t e  h o u d e ri d o o r  m i d d e l  v a n  l a t e r a l e  v i j z e l s . 
2 .  A f m e t i n g e n  
R o n d e o f  v i e r k a n t e  d o o r s n e d e ( 0  I S O t o t  5 0 0  mm ) o f  m e t a a l p r o f i e l . 
E r  w e rd e n I e n g t e n v a n  m e e r  d a n 4 0  m u i t g e v o e r d . 
3 .  M a x i m um h e l l i n g  t e n o v e r s t a a n  v a n  d e  v e r t i k a l e  
4 .  T o e l a a t b a r e  b e l a s t i n g e n 
4 .  I D r u k  k o e r a n t  : m a x i m u m  I .  0 0 0  k N . 
n u l . 
4 . 2  T r e k w a n n e e r  d e  p a a l h e t t o e l a a t ,  k o e r a n t e  m a x i m u m w a a r d e  
( � )  Z i e  I n l e g b l a d 5 . 
1 0 0 k N . 
J 2 7 
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W a n n e e r  d e  p a a l  h e t 
U i t z o n d e r l i j k  t o t  
t o e l a a t  + 2 0 0 k N m  ( 1/J  2 5 0  mm ) . 
I . 0 0 0  k N m . 
W a n n e e r d e  p a a l h e t  t o e l a a t + 2 0  t o t 3 0  k N . 
U i t z o n d e r l i j k  t o t 1 0 0 à 1 5 0 kN ( 1/J  5 0 0 mm ) . 
5 .  A n d e r e  k a r a k t e r i s t i e k e n  
5 . 1 M a t e r i a l e n 
a .  B e t o n  : g e p r e f a b r i c e e r d e  b e t o n e l e m e n t e n w a a r v a n  d e  l e n g t e  k a n  d a l e n 
t o t 0 , 4 0 m ; a s s e m b l a g e w i j z e  f u n k t i e  v a n  d e  t e  d r a g e n b e l a s t i n g e n . 
b .  S t a l e n e l e m e n t e n : w o r d e n g � w o o n l i j k  a a n  e l k a a r  g e l a s t .  
c .  B e p l e i s t e r i n g  : m o g e l i j k i n  s p e c i a l e  g e v a l l e n ,  h e t z i j  t e r  b e p e r k i n g  
v a n  d e  n e g a t i e v e  k l e e f  ( z e t t i n g  v a n  d e  b o v e n s t e  l a g e n ) , h e t z i j  a l s  
b e s c h e r m i n g t e g e n  d e  e v e n t u e l e a g r e s s i v i t e i t  v a n  d e  g r o n d . 
5 . 2  H a c h i n e s  
O v e r  h e t  a l g e m e e n  z e e r g e r i n g e  p l a a t s r u i m t e  v e r e i s t  ( x ) . 
6 .  U i t vo e r i n g s s c h e m a  
:zz.�. l 
A fb .  1 - Pa Z e n  MEGA . 
( x )  Z i e I n l e g b l a d 5 .  
1 2 8 
.. 
-"D 
� ... ,. " " .0 ... . ,; �  ., ... . � ' -.. . "" .0  c E -;: .,  .. u ... .. c c  .;:! ,  � .. ... ... · =  
ë �  ' c ... .. N .. � E . .. 
� �  
B e n a m i n g v a n  
h e t  p r o c é d é  
S t e e k k a a r t 
G E P R E F A B R I C E E RD E  P E R S P AA L  M E T  E L E M E N T E N  
V A N  B E T O N  O F  V A N  S T AAL ( S I GM A ) 
U i t g e v o e r d d o o r  S O C O F O N D A , N .  V . , B RU S S E L  
l .  U i t v o e r i n g  
5 a b 
S O C O F O N D A 
a .  G e p r e f a b r i c e e r d e  p a a l e l em e n t e n  i n  g e w a p e n d b e t o n  o f  s t a a l  w o r d e n  d o o r  
m i d d e l  v a n  e e n v i j z e l  i n  d e  g r o n d i n g e p e r s t . H e t e e r s t e  e l em e n t  � n  
p u n t v o r m  i s  1 , 5 0  m l a n g . 
b .  P l a a t s e n v a n  d e  l a n g s w a p e n i n g  s a m e n g e s t e l d  u i t  4 s t a v e n  0 1 5  mm m e t  
a l t e r n a t i e v e  v o e g e n t . o . v . d e  v o e g e n v a n  d e  b e t o n e l e m e n t e n ,  i n  v � e r 
d a a r v o o r  v o o r z i e n e  m e t a l e n  k o k e r s .  V u l l e n v a n  d e z e  k o k e r s  m e t  
v l o e i b a a r  c e m e n t . 
c .  P l a a t s e n v a n  e e n  v o l g e n d  e l em e n t  ( l e n g t e  l m ) . 
Op m e r k i n g e n  
D e z e  p a l e n d i e n e n  n o r m a a l  a l s  o n d e r v a n g i n g s w e r k  v a n  g e b o u w e n . D e  t e g e n ­
l a s t  w o r d t  d o o r  h e t  g e w i c h t v a n  h e t  t e  v e r s t e v i g e n g e b o u w g e l e v e r d , d o o r  
t u s s e n k o m s t  v a n  e e n  v e r d e e l b a l k i n  s t a a l  o f  g e w a p e n d b e t o n . 
B i j  h e t  d o o r d r i n g e n  v a n  z e e r  h a r d e  l a g e n , w o r d e n e v e n t u e e l  m e t a l e n k o k e r  
g e b r u i k t  d i e  i n e e n s c h u i v e n  e n  a c h t e r a f  m e t  b e t o n  w o r d e n g e v u l d . 
2 .  A f m e t i n g e n 
V i e rk a n t e  d o o r s n e d e  ( b e t o n )  
P r o f i e l  ( s t a a l )  : 0 2 2 0  m m . 
2 5 0  m m  x 2 5 0  m m . 
t e o r e t i s c h  o n b e p e r k t  ( x ) . 
3 .  H e l l i n g  t e n o v e r s t a a n  v a n  d e  v e r t i k a l e  n u l .  
4 .  T o e l a a t b a r e  b e l a s t i n g e n  ( x )  
4 . 1 D r u k  
Ko e r a n t e  w a a r d e  : 3 0 0 k N  . 
D e  p a a l  w o r d t i n  d e  g r o n d g e d r e v e n  t o t  e e n m a x � m u m  l a s t v a n  6 0 0  k N . 
4 . 2  T r e k  : n u l . 
nu l .  
n u l .  
( x )  Z i e I n l e g b l a d  5 . 
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5 .  A n d e r e  k a r a k t e r i s t i e k e n  
5 . 1 M a t e r i a l e n 
a .  B e t o n  g e p r e f a b r i c e e r d e  e l e m e n t e n i n  g e w a p e n d  b e t o n  o f  b e t o n  m e t 
k o n s i s t e n t i e  1 1 1  v o o r  h e t v u l l e n v a n  d e  e l e m e n t e n v a n  d e  m e t a l e n 
k o k e r s .  
b .  L a n g s w a p e n i n g 
l e m e n  t e n . 
5 . 2  M a c h i n e s 
4 0 1 5 ,  m e t a l t e r n a t i e v e  v o e g e n t . o . v .  d e  b e t o n e -
P l a n a f m e t i n g e n  b e p e r k t  t o t d e  a f m e t i n g e n  v a n  d e  b a l k  e n  v a n  d e  v i j z e l . 
H o o g t e  h o o g t e  v a n  d e  v i j z e l  i n  r u s t  m e e r  d e z e  v a n  h e t p a a l e l e m e n t e n  
d e  v e r d e e l b a l k .  
6 .  U i t v o e r i n g s s c h e m a  
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S t e e k k a a r t S b  
A T L A S  
B e n a m i n g  v a n  
h e t  p r o c é d é  
G E P R E F A B R I C E E R D E  P E R S P AA L  M E T  E L E M E N T E N  V A N  S T A A L  
U i t g e v o e r d d o o r  A T L A S P A L E N , N .  V . , K O E KE L A E R E 
I .  U i t v o e r i n g  
a .  D e  d r a a g b a r e  v i j z e l  w o r d t  o p g e s t e l d o p  d e  p l a a t s  v a n  d e  u i t  t e  v o e ­
r e n  p a a l . 
b .  E e n e e r s t e s t a l e n b u i s s e g m e n t  d a t  o n d e r a a n � s  a f g e s l o t e n m e t e e n  
s t a l e n v o e t p l a a t  ( v e r b r e d e  o f  n i e t ) , w o r d t i n  d e  g r o n d g e p e r s t .  D e  
v o l g e nd e  s t a l e n b u i z e n ,  v o o r z i e n v a n  i n w e n d i g e  v e r b i n d i n g e n , w o r d e n  
é é n n a  é é n o p  e l k a a r  g e p l a a t s t  e n  i n g e p e r s t . 
c .  B i j  h e t  b e r e i k e n  v a n  e e n t o t a l e w e e r s t a n d  v a n  3 0 0 t o t  4 0 0 k N  ( a f h a n ­
k e l i j k v a n  h e t  t e g e n g e w i c h t )  w o r d e n  d e  p a l e n a a n g e s p a n n e n  o p  h u n  
d i e n s t l a s t . 
d .  D e  h o l l e  s t a l e n p a a l  k a n  a c h t e r a f  e v e n t u e e l  m e t b e t o n  w o r d e n g e v u l d . 
Opm e r k i n g  
V o o r  e e n g o e d e  u i t v o e r i n g  i s  e e n o n d e r g r o n d  v r � J  v a n  h i n d e r n i s s e n  v e r ­
e i s t  ( a f b r a a k m a t e r i a a l , l e i d i n g e n , . . .  ) . 
2 .  A f m e t i n g e n  
2 .  I ���E � �!��� ��g � �  
S t a l e n b u i s s e g m e n t e n 
l e n g t e  : S O O  m rn  
V e r b r e d e  v o e t p l a a t  
0 . I S 2 , 4  rn rn ; 0 .  u � t w .  L nw . 
0 1 S 2 , 4  t o t 1 7 S rnm . 
t e o r e t i s c h  o n b e p e r k t  ( ::1: ) . 
3 .  H e l l i n g  t e n o v e r s t a a n  v a n  d e  v e r t i k a l e  
1 4 3 , 4  mrn ; 
k o e r a n t n u l .  
I n d i e n d e  w e r k o m s t à n d i g h e d e n h e t  t o e l a t e n k u n n e n  d e  p e r s p a l e n o n d e r  
o m  h e t e v e n  w e l k e h o e k  w o r d e n  g e p e r s t .  
4 .  T o e l a a t b � r e b e l a s t i n g e n  ( ::1: )  
D r u k  : I S O t o t  2 0 0  k N  . 
M a x i m um b e l a s t i n g  b i j  h e t  i n h e i e n 
- k o e r a n t  3 6 0  k N  . 
- u i t z o n d e r l i j k  S O O  t o t 6 0 0  kN . 
S .  A n d e r e  k a r a k t e r i s t i e k e n  
s t e e d s e e n B i j  h e t  o n d e r v a n g i n g s w e r k e n  v a n  b e s t a a n d e f u n d e r i n g e n  i s  
t o e ga n k e l i j k e m i n i m u m  w e r k r u i m t e  v a n  O , S O  m x O , S O m x 
n o d i g . 
m ( 1 x b x h )  
( x )  Z i e I n l e g b l a d  S . 
1 3 1 
B I J L A G E N  1 1 - b k o p i e  v a n  d e  d o c u m e n t a t i e  " M e g a p a l e n "  F r a n k i . 
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Megapalen bestaan uit  c i l i ndervormige ele­
m e n t e n  van gewapend beton of m e t a l e n  
e l e m e n te n ,  d ie  op hydraul ische wijze i n  de 
grond ged reven word e n .  H i e rvoor wordt 
het gewicht van het gebouw dat verstevigd 
moet word e n ,  als reakt ie benut .  
Het i n duwen gebeurt door  m iddel  van een 
hydraul ische vijzel met du bbele werki n g  en 
gevoed door een pomp m e t  regelbaar 
vermogen . 
Ti jdens h e t  indrukken word en de m e t a l e n  
e l e m e n t e n  aan e l k a a r  g e l a s t  en de beton­
nen e l e m e nten door middel  van een cen­
trale pin aan elkaar verbon d e n .  
H e t  i nduwen wordt voortgezet totdat d e  
krac h t  v a n  de vi jzel  overee nstemt m e t  d e  
d raagkracht v a n  de p a a l  vermeerderd m e t  
d e  g e kozen vei l igh eidscoëffi c i ë n t .  
De m e t a l e n  e l e m e n t e n  word e n  m e t  b e t o n  
gevu l d ,  t e rwij l  de p i n n e n  i n  d e  e l e m e n t e n  
u i t  g e w a p e n d  beton ingemetseld worden 
vóórdat d e  paal  onder d e  gewenste voor­
belast i n g  wordt gebrach t .  
M e g a p a l e n  brengen een oplossing m e e  
voor volgende vraagstukken : 
• o n d e rvangen van verzakte gebouwen 
t e n  g evolge van ontoereikende oorspron­
k e l i j k e  f u n d e r i n g e n  ; 
• verstevigen van funderingen die g ebrek­
kig of o n toereikend zijn geword e n  t e n  
g e v o l g e  v a n  n i e t  voorziene belast i n g e n  
zoals d e  verhog i n g  v a n  een besta a n d  
gebouw ; 
o f u n d e r i n g e n  van n i e uwe i n r i c h ti n g e n ,  
d a a r  w a a r  h e t  h e i e n  v a n  p a l e n  o n m og e l ij k  
is o m d a t  d i t  voor de omgeving onaanvaard­
bare overlast bezorgt, bijvoorbeeld in de 
n abi jh eid van oude of h i s tor ische m o n u ­
m e n t e n  of  n o g  i n  gebouwen m e t  e lektro­
n ische i nstrumenten,  waar t r i l l ingen verme­
den m o e t e n  word e n .  
DRAAGVE RMOGEN 
O n z e  s ta n d aardu itrusting bestaat u i t  m e ­
t a l e n  e l e m e n t e n  met 219 mm bu itendiame­
ter  e n  8 m m  d i k t e ,  zodat e r  per  paal e e n  
d raagvermogen t o t  50 t o n  bereikt kan wor­
d e n .  Door andere e lementen te gebru i k e n  
k a n  m e n  hogere belast ingen toepass e n .  
D e  hydraul ische pomp. waarva n h e t  vermogen 
geregeld kan word e n .  heelt  een d ru k m e t e r .  Ze 
s t a a t  op ongeveer 50 m van d e  werkg a l e r i j  
D e  e l e m e n t e n  w o r d e n  d o o r  m 1 d d e l  van paalr in­
g e n  a a n  e l ka a r  gelast  
- ·  
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• Doordat de Megapaal rechtstreeks onder 
de wanden die de reakt iekrac h t  leveren In­
geduwd word t ,  is het  benod igde m aterieel  
eenvoudig en neemt h e t  weinig ruimte in 
b e s l a g .  
• D o o r  h et f e i t  dat de p a a l  op een stat ische 
wijze i n geperst word t .  i s  er  geen uitzett ing 
te vrezen,  zel fs a ls  men door minder goe­
de lagen moet zoals sl i jk lagen of  d rij fzand 
• Door m iddel  van een dwarse verd e l i ngs­
balk k u n n e n  er  tenslotte aan weerszi Jde 
van d e  m u ur d i e  verstevigd moet word e n .  
t w e e  M egapalen tegel i jkert i jd  i ng eduwd 
word e n .  
VOORDELEN 
• D a n k  z ij d i t  procédé geschiedt  h e t  f u n ­
deren zonder tr i l l i n g e n  e n  z o n d e r  l a w a a i .  
Er i s  een maximum aan zekerheid , daar  
h e t  i n persen zel f van iedere paal een proef­
belasting is, tot tweemaal  h et d raagvermo­
g e n  toe.  
Megapaal  door middel  van twee hydra u l i sche 
met de hand gedreven vijzels vastgezet. die' aan 
weerskanten van de paal  op de beugel geplaatst 
worden . 
Plaatsen van de u i t twee delen b e s t a a nde beu­
gel en sam enstel len erv a n .  
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B I J L A G E N  1 2 - a  u i t t r e k s e l  u i t  " T h e  s t a t i c  r e s t o r a t i o n  o f  
m o n u m e n t s "  d o o r  F e r n a n d o  L i z z i . 1 9 8 2 . 
B i j l a g e n  1 2 - a  
. . . 
5 - THE R E lNFORCING OF FOUNDATIONS 
5 .  l - General criteria 
In rhe precedi n g  parJgraphs some of th e  various 
cJ Uses by w h ich an o l d  b u i ld ing can reJch a stat ic cris is 
h .l Ve been sho\v n .  Aparr  from rhe old age facror w h ich 
a l wa ys ;J tlecrs h isrorical  b u i l d i ngs, rhe most a pparent 
trou b les .  especi a l l y  in modern t imes ,  have been caused 
27 
by the careless action of  man ;  the greatest pa rt of th ese 
trou bles h ave  caused alterat ions of the fou ndation so i l .  
Geotech n ics has  therefore acq u i red primary lm­
portance in the stat ic restoration of o ld edifices . 
5 . l  - The traditional merhods adopted in the past for 
the underpinning 
5 . 2 . 1  - The u nderp inn ing with addirional  foundation 
m asonry 
A settiement of a foundat ion i s  a lwavs a conse­
quence of th e Jack of balance between rhe 
'
!oad of rhe 
srrucrure and rhe bearing capacity of  the soil at  rhe 
foundat ion level;  the bearing capacîry can , ar a eenaio 
moment ,  come near ro the l imit  of  fa ilure,  due ro rhe 
events endured by  rhe building and rhe subsoil .  
Therefore the idea of  lowerin g  rhe level of rhe 
b ase of rhe walls ro rake advantage of deeper soils,  
which are usu al ly m ore compact , is logica! .  
Ir i s  useless spending roo m u ch t ime in  descrih ing 
this  merhod which , although i n  rhe past saved many 
bui ld ings abour ro collapse, had  numerous fai lures. 
This i s  du� ro many reasons:  
• The underp inn ing ,  carried out  necessari ly «by sec­
r ions» , gives rise ro a general rel axar ion of rhe srruc­
rure; 
• Ir i s  d i fficulr  ro obra in an adequate compaction of rhe 
new faundar ion soil ; rhe simple weighr of  rhe addi­
r ional masonry i s  cerraînly nor  su fficiem ro carry out 
rh is a im. As a consequence rhe soil wi Jl be loaded only 
\Vhen rhe rota!  weight of rhe bui ld ing wil !  resr upon ir;  
rh is  wiJ l  h a ppen ar  rhe cosr of àppreciab le  serrlemenrs. 
• Attemprs of pre- loading rhe soi l  by more modern 
means,  such as jacks or orher insrru menrs ,  caonor 
revive rhis sysrem wh ich i s  better lefr ro rhe past.  
• In any case, underpinning cannor be  extended in  
deprh beyon d rhe l im i t  of rhe waterrable ;  ir would be 
\·ery dangero us ro rh ink  of dewarering  · i n order ro 
reach deeper leve l s .  
. .  ·, 
5 . 2 . 2 - The s t rengthen ing of  the  soi l  by means of  in jec­
t l ons 
This  m ethad is a macri ve ,  especi al ly in rhe l ight of 
rhe most recent developmenrs in rhe tech nique of 
chemica! gro urs hav ing a viscosity very near ro thar of 
water. 
Neverrh eless i r  is  ad\' isa b le  to rake grea r care in 
nor genera l i z ing  roo much . In  facr rhe m ethad of co n-
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so l idarion of  soil by means of  in jecr ions has some 
l imits ro be raken inro considerario n :  
• The soi l  must have a m i n i m u m  amounr  o f  
permeab i l i ry ;  roday  i r i s  possible r o  i n j ecr soi ls  ha v ing a 
permea bil iry of K = 1 o• cm ! sec; more i mpermeab le  
so i l s ,  rhrough \vh ich even water  does  nor  p ass,  are  n o r  
in j ecrable .  These a r e  clay a n d  si lry soi ls ,  w hich are rhe 
soils more frequenrly found below damaged bui ld ings .  
• The effecriveness of rhis  merhad asks for un i form 
spread ing  of  rhe grours below rhe foun dation ; rh e 
hererogeneiry of m any soils makes such a spreading 
d ifficulr .  The d i spersion h as a decisive influence, from 
rhe techn ica! point  of view, wirh economie con se­
quences rhar are far from negl igible .  
• The grour ing does nor derive a sound conneenon 
between rhe srrucrure and rhe subso i l .  
T h e  resu lr i s  t h a t  rhe srrucrure rests upon rhe  soi l ,  b u r  
i s  n o r  anchored ro i t .  This aspect w i l l  be dealt wirh 
l ater on ( in rhe «Case of rhe T owers >> ) .  
. 
5 .2.3 - The u nderpi nn ing w i rh conventional piles 
( drilled or driven piles) 
Th is m erbod consisrs ( or better ,  cons isred) of pi l  es 
consrrucred in  rhe proximiry of wal ls ,  and conneered 
ro rhem by rhe use of rei n foreed concrete subsrrucrures 
invalv ing serious cuttings in the wal ls  and a m arked 
hampering w irh the fu ncrionabi l i ry of  rhe b u ild ings .  
This  merhad had a shorr and d i fficul r  l i fe ;  some good 
resulrs were outweighed by many negarive resu lrs .  
5 . 2 . 4  - Underpinning by means of  segm en ral p iles , 
j acked in the soi l  by means of static pressure 
This  m erhad has been used q u i te widely.  Never­
theless i t  i s  nor free from risks and drawbacks. 
• Ir is  nor app i icable i n  soi ls where rhere are rocks .  
ru ins  of  masonries or orher obsrrucr ions ,  s ince rhe 
penerra r ion of  segmenral p i les i s ,  in  th ese cases , d i f­
fi culr or im poss ib le  . 
• I r  req u i res b u rdensome excavar ions in order ro ::Jl low 
for rhe jacking operar ións .  
• I r  i n trodu ces in  the  supersrrucrure dangerous lo ::1 d 
concen rra r ions ,  wh ich may nor a lways be rolerared b)· 
bui ld i ngs a lready badly da maged . 
• The rather complex rech nology of execur ion , does 
nor suffic ienr ly gu ara n ree a co rrect d isrr ibut ion of  rht' 
loads on rhe p i l i ng .  
h � .  2 1 1 - T�·pi.:;d schcmr of • pa l i  rad ic� .. u ndrrpn1 1 1 1 1 1 � :  
6 - THE « PAL! RADICE ..  ( ROOT PILE5) 1 
The in trod u etion o f  « Pal i  Radice" gave me ro a 
complete cha nge in rhe field o f  underpinning .  
The typical scheme o f  this  new k i n d  of fou n d a tion 
is sh own in Fig.  20. 
Wirhout  entering roo deeply inro tech nica!  detai ls  
of such pi les ,  by now known a l l  over the worl d ,  rhe 
principal  aspects concerning their use i n  u nderpinning, 
are briefly described: 
• The drill ing i s  carried out by rotarian merhods,  
rhrough the existing structures , ro p eneerare rhe  soi l  
he low.  
• W ith rhe concre.re cast ing,  rhe  p ile i s  a u tomarically 
bonded wirh the upper srrucrure;  no need o f  onerous 
complemenrary srru crures , no risky curs in the walls , 
no disturbance inrroduced i n  rhe bui lding acriviries.  
• The execu rion o f  the p il ing duly d istribured along rhe 
foor o f  rhe walls does nor  carry any risk for rhe srabili­
ry of rhe  exisring srrucrures.  No v ibrarion or shaking is  
involved. 
• The construction of rhe pi le  does nor introduce any 
p a rricu lar  stress i n  rhe walls  or in rhe soi l ,  leaving out 
the smal! compressed a i r  which i s  u sed during rhe 
casnng. 
• The concrete for rhe  p i le i s  m ade o f  600 � 800 Kgs of 
cement per cubic merre o f  sieved sand.  Ir is rherefore a 
h igh srrength concrete. 
• The rein forcemem is  made of: a single bar for rhe 
pi les  h aving rhe smal lest  d i a meter ( 1 0  cm) ;  a mult i-bar 
fram e ,  or tu bes, for b igger diameters. In any case,  in 
u n derp i n ning,  rhe  smal lest d i ameters are generally 
pre ferred.  
• The casting system , p roduces_a very rough outer sur­
face o f  the p i le ,  wh ich gives a marked adhesion ro rhe 
soi l .  
• T h e  serdement o f  a « P a l o  Radice»  i s  i n  rhe order o f  a 
few mil l imeters , even for laad values up ro the l imit of 
rhe  concrete srreng t h .  O bvious ly ,  i f  for very delicate 
fou nda tions rhe serdemen t must nor exceed values of,  
say ,  renrhs o f  a m i l l imeter,  rhe working load has to be 
l imi red accordingly;  i t  means rhat in these cases the 
�e a ring capaci ty o f  the pile cannot  be fu l ly  u ti l ized . 
I )  The .. p a l i  raJico" IS [he fi rs[ e x a mp l e  of a s m a l l  d i a me[er p i l o .  a l so cal led 
m1cropi l e .  i m roduced a bour [ h i n�· �ears  ago ' "  rhe rech n1que ai iounda­
l ions . T h e  fi rsr parems h a d  i n  facr been a ppl ied for bv rhe :\ urhor  o f  c h i s  
b o o k  on r h e 1 1 . 3 . 1 9 5 2  ( n .  4 9 7 7 3 6 )  a n d  on che 2 9 . 1 2 . 1 9 5 2  (n .  5 0 2 4 1 6 ). 
Thc fi rsc oo p a l o  rJd ico"  u nderpi n n 1 n g  w a '  carr ied o u r  d u n n g  che penod 
1 9 5 2 1 1 'J53 I .. A. A n gi u l l i  .. sch ool  b u i l d i n g - N a ples i .  
a )  V E R T I C A L  C R OSS-S E C T I O N  
b) H O R I Z O N T A L  C R O S S - S E C T I O N A-A 
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Fig. 2 1  - Thc lirsr load rest on a .. palo rJdicc• ( ! 9  5 2) .  
6 . 1  - The q uick respon se su ppl ied by' « pa l i  rad ice» 
The most q u a l i fying cha racrerisric of rhe " Pa l i  
LOADS I N  TONS 
10 zo JO •• •• '0 
Radice» u sed in  underpinning work i s ,  rh erefore , rhe i.O<l+---��"""._----�-----l----:....... 
quick response ro any movemen r ,  a lr h ough m i n i m u m ,  ffi 
of rhe srrucru re . · tü ::E 
This essen r ia l  ch aracreristic is due ro rhe execu - 3 2.00•.J---�--------""-<--+----..!------
rion techn ology , for w h ich a «pa lo  radice» is essenria l - � l y  a friction p i l e . In Fig. 2 1  rhe diagram shows r he "' 
load-serdemen rs curves o f  rh e  firsr load rest for rhe � ).oo.� __ ____,. __
_ _._ __ 
-+--�,__
----
underpinn ing work of rhe « A .  Angi u l l i »  school in g 
Naples ( 1 95 2 ) .  T h i s  p i le 1 3  m long . h a d  a d iameter of E 
1 0  cm and was rei n foreed bv a bar , 1 2  mm diameter. "' '· 
The subso i l ,  cha raorerisr ic df rhe area o f  Naples was 
composed of a i rerna ri ng layers,  of varying rh icknesses , � �  
of pozzolana l api l l i  a n d  sands. 
/ -------
Break ol I he conglomorale of I he pile tip ( c = 450 kg.lcm' 
From r h ar r ime,  i r  was noriced rhar even for h igh 
loads, rhe serrlemenrs were l imi red, in rhe order of  a 
few m i l l imecres . 
By rhe way .i r  is carried our ,  «pal i  radice» under­
p inning does nor undo rhe effeers of r h e  ex isr ing foun­
darion . From rhe ourser ir h a s  a complemenrary func­
r ion , and only when necessary i r  subsrir u res rhe foun­
dat ion.  The bui ld ing conrin ues ro sray o n  its old fau n ­
darion soil :  i t  wi l l  cal! on the p i l  es ro assist,  only i f  ( and 
in  rhe a.mounr in  w h ich)  ir  serrles. 
This is the essenrial aspect w hich made the <<Palo 
radice» so popular in underpi n n i n g  works. 
T o cl arify better: 
Th e u nderp inn in g wirh «pal i  radice» can be con ­
sidered pra crically inacri ve ar rhe moment of irs con­
srrucno n .  
If  r h e  bu i ld i ng h as a subseq u e n t ,  a l rhough 
min imal  serc leme n r ,  rh e  p i l i ng respon ds i mmedi a rel y , 
�1 bsorbing p a rt o f  rhe loa d and reducing ar rhe sa me 
r ime rhe stress on rhe so i l . lf,  no rw irh sra nd ing rhe 
a bove, rhe b u i ld i ng conri n ues ro se rd e ,  rh e  p i l es would 
con tinue co rake rhe laad unr i l 1:he  enc ire bu i l d i ng laad 
is  supporred by rhem . 
I n  :.m y case rhe seniemenes would be l imired ra a 
m aximum of a few m il l i merres. 
6 . 2  - The working l a ad of a « pa lo  rad ice» 
· · ' The worki n g  <::a paCÎt)' o f  :1 n o r m J I  fau nda rion pi le  
for : 1  new b u i l d i ng is genera l ly il fr:1 c r io n  o f  rhe  fa i l u re 
l imi t lo:1 d .  I n  i rs dererm i n a r io n , m a n y  facro rs need ro 
be considered , inc lud ing rhe desired sa fe t y  facror :1 11 d ,  
.t bove :d l .  r h e  siz.e of  rhe  :tcceprab le  serdemen t for r h e  
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new bui lding. For  insrance i r  may be acceprable ro 
al low h igh seniemenes for r h e  piers o f  si m pl y sup­
poned bridge bur rhe same is nor poss ib le  for a con­
r inuous suucr u re.  This need , which i s  fundamenr a l for 
a pile fau ndarion is even more important  for under­
pinning and rherefore caonor be neglecred . 
If (x)  is rhe  maximum serdement ( see Fig. 22) ac­
ceprabl e for rhe strucrure co be underpinned ( rh e  va l u e  
is in  rerms of  mi l l imerres or o f  fracrions o f  m i l l imerres ) . 
rhe corresponding load anri bured ro r h e  p i le  i:; P. Of 
l i rr le imponance is  rhe face rhar rhe l imit  laad for rhe 
pi le  i s  m uch grearer rhan P .  I r  musr be repea red rhar .  
whar is im portant , is rhe acceprable serd eme n r .  From 
rhis  po i nt of view ie can be sa id rhar  a «pal a radice" us­
ed in u nderpinning1 is nor  complerely u r i l i zed com ­
pa red c o  i rs  fu l l  bearing capaci ry.  I r  could bear m u ch 
more rhan rhe assigned laad . Besides , rh e  p i l e ,  a frer i rs  
insral lar ion h as been carried ou t ,  has no i m m ed i a re 
work ro do ; maybe i r  wi l !  never be com plere l y ur i l iz.ed. 
In face ,  as  shown in rhe figu re, for each in rermed iare 
ser riemene ( m ) ,  part of rhe load ( P' )  is transferred r'o rhe  
p i le .  whi le  r h e  remai rr ing pare ( P- P' )  con r i n ues  ro be 
su pporr ed by rh e soi l .  
6 . 3 - The «safety factor» of « pa l i  radice» u nderpinn ing 
I r  can be seen , from rhe above, r h a r  rhe safety fac­
to r of « P a l i  R ad ice » u n derpi nn ing ,  does nor corres-
I )  T h c  . .  p� l i r a d i c c "  � s  wcll .is rhc .. rcr i.:ul� rcd p 3 l i  rc1 d icc• ( se< o v r r i  ;! f<' l l'· 
cd nm u n l v  fur u n tl crpinnin�.  bu r ;!lso for lou n d J t iuns in d i ffi..: u l r  ..:onJ1 ·  
r 1ons.  whc�� .:onvcntionJI piks <.: J n nur br uscd . �nd lor  scverJI u1hcr , . .  i l  
rcmior.:rm r n r  p roblcms.  
F ig . 22 - Decerm inarion of rhe wor k ing loJd of J .. palo rJt!ice .. for unt!er­
p •nn in�  pu rpose: 
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LOADS 
0 .. P hm, 
Where the very wide case h istories d o  nor im­
mediarely supply rhe lengrh and bearing capacity for 
rhe various diameters , rhe design problems can be solv­
ed by direct load resrs. The cast of a load rest on a 
«Palo Radice>> is wirhout any doubt less rhan rhat re­
quired by compl icated sub-soil  investigations , with  
sampling determinarion o f  rhe mechanica! ch aracreri­
stic of the soil and other data,  including large 
documenrarions rhat,  in pracrice , are h ardly usefu l .  
In  the light o f  the many l a a d  tests carried o u t ,  
some statistica! data , simply expressed,  c a n  b e  s u p­
pl ied:  
• wirh the exclusion of parricularly soft soils,  a « palo 
radice>> develops its  maximum bearing. capacity ( a t  rhe 
emshing l imit of rhe concrete in  the cross section) over 
length s  o f  nor more than 30 m .  
• For soils h av ing an average consistency , 20 m are 
pond, o r better , is nor l imited ro rhe safety factor of rhe sufficienr . 
p il ing,  as happens in new buildings; in fact it is much 
• For very stiff 'soils,  lengths of 1 0- 1 5  m. are sufficienc.  grearer. 
At rhe moment when rhe « Pali  Radice» underpin­
ning is ro start o u t ,  rhe safety factor of rhe exisring 
foundation wil!  be very low, but it is  obvious rhat irs 
value w i l ! nor  be less rhan one. This margin wil! nor be 
cancelled bv rhe construction of rhe " Pal i radice» ; 
rherefore eh� new coefficient o f  safety will  be: 
w here : 
- ll1� 1 is r he sJ fety L1cror o f  the exisr ing fou nd�1 t i o n  
r . . ... > 1 · h f f · h . , .  - ll r  = -- IS t e sa ery actor o t  r e p 1  t ng p 
( r ..... = l i m i t  lo:ld ;  p = w or k i ng lo ad )  
6 . -t - T h e  design o f  a . .  pa l i  radice» u nderp i nn i ng 
The l im i t load of J « pa l o  rad ice» 
Co ns i cle r i ng c h e ;� bove a n d ,  over a l l ,  i n  che  l igh t o f  
wide ex pe r i ence o v e r  rn :1 n y  decades,  o n e  c1 n condude 
chac  a .. p ;l l i  R .1 d ice" u n d e rp i n n i n g  ( o r  fou n d:l t i o n )  
does n o r  n eed . beyo n d  : �  modest su b-so i l surn·y . :1 n y  
p a rc i c u L1 r  i m·esr ig :H i o n  ( pen e c ro mecer . v :1 n e  res t ,  
p ressu rern e c e r  res t .  L1 bora cory a n a l ys i s  ere . ) .  
• For gravels and sands more o r  less compact, rhe l imit 
varies from 6 ro 10 m. 
• For clay, rhe lengrh s  can vary fro m  10 ro 15 m ,  
depending o n  rhe compacrness . 
Consiclering rhe above, a s imple empirie formula  
can be pur  forward for rhe  l imit  load P o f  a « Palo 
Rad ice» : 
p,,", = fl D L K I 
w he re :  
D i s  r h e  nom i n a !  diameter of  r h e  pi le ,  rhar is rhe dri l l-
i ng d i a meter .  
L is  che lengc h o f  rhe p i le .  
K i s a coeffic ienc  eh a r  rep rese ms i n  Kg/ cm! , c h e  
a ve rage i n reracr ion ber,veen rhe p ll e  �1nd r h e  s o i l  fo r 
c h e  w h o l e  lengr h .  
( Frorn r h e  phys icd po i n t  o f  view , i e  can represem c h e  
p i l e /  s o i t  ad herence . o r  c h e  sh e:.tr stress induced i n  c h e  
s o i l  b y  r h e  p i l e .  o r  rhe cohes ion  o f  rhe so i t ,  etc . ) .  
I is a no n-J i m e ns ion a l coe ffic ienr  of  farm , r h a c  
d e p e n d s  o n  r h e  nom in a ! dia meter o f  c h e  p i l e .  
T h e  T:1 b l es I :wd 1 1  g i v e  che  ;�p p rox im ate values 
fo r K :wd l .  
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Soi l  of average com p a crness 
Very sriff so i l ,  gravels .  sa n ds 
Tab.  l i - Values of I 
Diameter of the pile 
1 0  cm . 
1 5  cm. 
20 cm . 
25 cm. 
0 . 5  
1 . 0 
1 . 5 
2 . 0  
1 . 00 
0 . 90 
0 . 8 5  
0 . 8 0  
7 - THE DEVELOPMEl\TT OF MICROPILES 
When the first appl ication of «Palo Radice» rook 
place ( 1 950's ) ,  the Regu l arions then in  force for piling 
( in part icu lar  the Germ an DIN) and l ocal u ses in  orher 
counrries , prescribed a diameter of nor Jess rhan 40 cm 
for « cast in place>> piles.  
• 
I t  is easy ro understand that rhis created problems 
when rhe «Palo Radice ,, was inrrodu ced;  ir was dif­
ficult to bel ieve th a r  a pi le ha ving a diameter of only 1 0  
cm could bear loads o f  up to 3 0  - 4 0  rons and more. 
Fortun arelv rhe l ow cost of  a load rest, for values 
in the order of fifty rons,  in vol ved very m odest ex­
pense; but ,  at rhe same time, it supplied a convincing, 
defin i rive proof of rhe effecriveness of  the sysrem. 
The «Palo  Radice» made a name for irself in haly , 
Europe and also in rhe USA where , in  face, there were 
grea ter d i fficu lt ies ,  consiclering that  cast in place piles 
are nor very popu lar  in that Coun try. 
After abour rwen ty years ( in the 70's)  \V ith rhe ex­
piry of rhe firsr parenes of «Palo Radice» , various orher 
similar p i les were widely used .  These were generically 
called «micropi l es»  1 •  
Some of  th ese practica l ly conform ro rhe characte-
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nst 1cs of .. p ::J ] o  R;1 d ice " :  " · h i J s t orh ers h a ,·e  been 
ch Macrerized a s  steel  p i les . cemenred i n ro rhe soi l .  
7 . 1 - S teel pipe micropiles.  cem e nred  in ro r h e  soil 
I r  has been sa id before.  8 hour « P a l i  R a d ice'' · rhat 
rhe i r  h igh  b e a r i n g  ca,r<l c i ry .  compa red with rheir snu l ]  
d iameter, i s  r h e  m os t fa \IJUra ble characterizing e le­
ment .  
On rhe orher h a n d  in  a << pa lo-ra d ice» , a s  in a m· 
concrete pi le ,  r h e  bea r ing  capaciry. h a s  i rs  l imi t  in rh� 
crush ing res i s ra n ce of  rhe cross secrion of  rhe shafr .  
Therefore rhe  ren dencY arose to  increase rhe m e r a l  
reinforcement to  obtain m�re resistant secr ions .  Final­
l y  micropiles con sisring subsra ntia l ly  of  very hea,·�· 
meral pipes ( or srrucrural beams) ,  w h ich could bear 
considerably h igh loads,  were inrroduced. Pracrical l �· 
they are pip es cemenred inro the su bso i ! .  
On rh is  rendency some reserva rions can be put  
forward:  
a )  The adhesion between rhe p ipe a nd the soi l ,  in m eral  
pi les ,  i s  obrained by means of flu i d  cement injecred 
rhrough rubber covered valves , locared along the pipe.  
Obviously , rhe rhin cement crusr so obtained ,  cannor 
ensure good adhesion between steel and  cement and.  
in turn , between cement against the  soi l .  I r  fol lows 
rhat,  ro ob ra  in rhe required bearing capaciry, i r  is  
necessary ro in jecr in rhe lowest part of  the pipe,  where 
i r  is possible to reach h igher pressures. 
Instead of  skin friction ( as in the case of  «palo radice» ) ,  
r h e  bearing capaci ty i s  obrained i n  practice b y  a sart of  
point bearing suppl ied by  rhe deeper l ayers. In  Fig. 23 
rhe rypi cal  scheme of the curves concerning the load 
transfer from rhe pi le ro rhe soil , respecrively for a 
<<palo radice>> and for a metal micropile is shown. 
I r  follows from the above rhat the settiement of a meral 
micro-pi le is  in  the order of some centimetres and nor 
mil l imetres as in rhe case of a «palo radice» . 
In Fig . 24 rhe load-serrlemen t graphs are shown in 
the same diagram for a <<palo radice»  and a meral 
micropile,  consrrucred on rhe same site for a bu i ld ing 
thar  needed un derpinning and restrucru ring ,  in  pan 
wirh addir ional  new srrucrures. In  Fig.  25 rhe 
characrerisrics of rhe subsoil are shown.  The d iagrams 
I )  Th� term . .  M icropali  . .  ( micropib; was in fa  er  used for the firsr r im� b! 
rhe M i l a n  Su l:m·a,· A u thor i t l' ro indicate t h t· ..  Pali Ra d ice ..  a n d  tht· 
.. Rericula red P a l  i R·adice S t ruc;u re� .. carri�d out b1· Fonded ile in r h e  I 960\ 
for the M i l a n  Subw a l . Thr terms .. ra l  i Rad ice· . .  a n d  · R ericolo d i  Pal i 
Rad ice .. are  covered b.) i n t erna t io n a l  t rade  mark .  
1-ï g .  23 . Typical transfer curves of r h e  load from a · raio radice .. and from 
a steel micropile ro the soil.  
�'��! · 24 . Load rest  c1r ried out, i n  t h t· sa nH' '" i J .  on ·' .. p.do r,,Ji<t· .. ;1 n J  011 .1 
, 1 ,-el 01 1,ropi le.  samt· diameter .  s a m r  l t·n�lh.  
dem onstr·ate t h a t  meta l  m icropi le  even if poten­
t i a l l y  fi t for supporring ( du e  ro rhe resi srance o f  steel ) 
greater loads,  could nat be used for u nderp i n n i n g ,  due  
ro i ts h igh settlemen t .  I n  fact for u n derp i n n i ng work of  
t h e  b u i ld ing « p a l i  rad ice» were used.  
b)  Th e covering of  the steel  prpe is th i n .  giving r ise ro a 
very high risk o f  corrosion . 
I p 
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b) slee! micropile 
lOADS. IN TONS 
0 5 1 0  1 5  20 
c)  Thf' buLkl ing.  which i s  n o r  norm:l l l y  ra ken i n r o  con­
sider;u ion in rhf' case of very s lender pi les ca n n or be 
ignored in  rhe case of mt'tal m icropi l es which a re 
hea,· i l �· lo;lded and nor a dequa re l y su pporred by rh  
soi l  in  rhe upper l ayers; for th i s  reason such p i les a re 
on ! �· i nsra l l ed verrica l l y .  
7 . 2  - The preloading o n  m icrop iles 
As seen before, rhe « palo radice .. , i f  u sed carefu l ly 
wi rh in  wel ! defined and nor excessive laad l imirs ,  is  
able wirh irs prompt response ro gjve a defi n i ri ve and 
rarional support co a faundarion h aving problems. 
But, as a lso seen , the hearing capaciry of a « pa lo 
radice" i n  the absolute sen se could be very h igh , much 
higher rhan thar requ i red . 
This suggesred ro somebody rhe idea of pre­
loading rhe micropiles in order to m ake better use of 
rhe ir  bearing capaciry , wirhour exposing rhe bui ld ing 
faundar ion w rhe  correspond ing grearer serrlemenrs. 
This rendency must be decis ively rejecred ( excepr 
obv iously for parricu l a r  cases h a vi ng remporary use) 
for rhe fo l lowing reason s: 
2 5  30 3 5  4 o  4 5  5 0  55 60 
" Data  ot the pHas: 0 , . 
. . ':, 
·PAlO RADICE· 
D1ameter: 1 30 m m. 
lenglh: 1 5.50 lm. 
Ae•nlorcemenl: 1 � 18 weighl 2,5 kg.llm, 
Allowed workrng load: 15 lons 
·STEEl M1CRQP1LE• 
Dra meter: 130 mm. 
Lenglh: 16 lm. 
Ae•nlorcemen1: steel prpe 
0 D. 60. ) mm. 
Thrckness: 8 m m. 
Weo g h l :  1 0.30 kg,/lm, 
Allowed worktng load: JO tons 
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a) BORELOG 
21 
BOTTOM OF THE CANAL 
si l ty  c lay very sol t .  w i t h  she l ls  
V plast ic  s i l ty  c lay 
solt/pl ast iC  s i l ty  c lay 
f ine sand, s l ight ly  s i l ty  in  the f i rst 2 metres 
/_ sandy s i l t  
../ s i l t y  sand 
-
a )  The pre-laad introduces into rhe soil and rhe 
bui ld ing srresses which consrirure a srriking d i srur­
b ance tO rhe exisring stab i l i ry ,  rh e consequences of 
which could a lso be very grave. 
b.) The safety factor of  an un derp inn ing such as thar, is  
no longer: 
11 = 11, + 11p 
but ,  on the comrary , only :  
rhar i s ,  it has  to re ly only on the bearing capacity of the 
pi les ,  wirhout th e essen rial contriburion that the ex­
i sr ing. su bso i I could supply _ 
c) The bui lding is transferre-:1 on to the p i l ing,  loosing 
irs cont?.Ct with the soil ; th i s ,  freed from the building 
laad , loses , sooner or l a ter , irs h igh degree of  con­
solidarion , reached,  sometimes ,  after centuries;  should 
rhe build ing sertie aga i n ,  pressing anew on rhe soil , it 
' \\·ould be found to have cha racterisrics much worse 
than rhose it had before being imprudently detached.  
d )  The conneerion between the pi les and the structure 
has ro be posrpon ed unri l  rhe time when the p i l ing is 
complete, at least in some parts , and in a condition of 
34 
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b) PENETROM ETER TEST 
being subjeered ro the preload .  In sread of a progressive 
improvemem of rhe pi l ing as in the case of  normal  
«pali radice» , a long  state of  cris is  would occur rh ar  
could terminare only with the end of the p il ing and irs  
conneetion to the srrucrures above ground l eveL 
Whar could happen in the meantime to rhe  
bu i ld ing? Very probably « shoring» or  other sopporrin g  
strucrures would b e  necessary , wirh technica! .and 
economie inconveniences. 
8 - THE MOST RECENT TYPES OF «PAL! 
RADICE " .  
THE <<PALO RADICE" WITH EXPANDED BASE 
The ,,pa]o Radice » ,  described in the preceding 
paragraphs ,  has ,  wirh t ime,  evolved from its origin al  
form ; which allowed better adaprarion to the solution s  
of  specific problems,  ah·'>'ays respecring however rh e 
fundamenral ch aracrerisrics wh ich inspired its crea­
tion . 
From these ch anges the recenrly parenred «Pa lo  
Radice a base espansa» ( root p i l e  with expan ded base )  
has  ro be recalled : basically rhe  innovation con sists o f  a 
vacuum «ce] ] "  at the foor of the reinforcem enr , made  





a) aller the casting of the  pi le  shaft 
• b) af ter  the inject i o n  in  the cell 
empry during the casring of rhe pi le .  Afrer h arden ing .  a 
cemenr  mix i s  in jecred i n  the cel l ;  the caviry al lows the 
formation of a fluid « bu bble» which , breaking rhe 
walls of rhe en cl osure,  produces a un iform pressure on 
rhe soil and creates a base bulb,  in  any rype of  soil , 
wharever i ts characteristic of  permeabiliry. 
This sysrem recal l s ,  in  its farm, rhe p rocedure of 
in jecrion using val ved pipes .  Bur i r i s  subsramial ly d if­
ferent because the _ l i qu id  in jecred, i nsread of going 
through rubber valves which al low a l imited , irregular 
passage, with a n o ticeable loss of  pressure , i s  first col­
leered in rhe cel! wh ere it farms a fl u id «bub ble» which 
acts on a wide surface ( the side surface of the cel l )  with 
a pressure easi ly readable a r  rhe surface . Besides, as 
already said, rhe system can be applied on any soi l ,  nor 
only on granular ones which are rhe only types su itable 
for normal injection .  
The form ation o f  rh is  base bulb al lows the addi­
tion of a cenain base resisrance ro the  essen rial 
characterisric of  the •• Palo Radice» thar i s  its grear skin 
friction .  
The •• Palo Radice a base espansa»  i s  a lso used i n  
rhose situarions wh ere r h e  pi le  must react t o  tension , 
besides compressio n , as is rhe case, for example ,  of 
towers for high voltage transm ission l i nes .  
ln t h e  most recen t •• Pal i  Radice»  rhe bars are 
covered with a speci al very l ight la yer of  sand-resin 
m o rtrt r .  :1ccordin� w ;1 paten ted proced ure .  in dicared 
in Secrion 4 . 5 . -::- . 
9 - TYPICAL USES OF .. ROOT PILES" 
9 . 1  - The first u n derp i n n i n gs by means of upal i  rad ice n 
The first upa l i  rad ice» underp inn ing was carried 
our in Naples in rhe aurumn of 1 95 2  fol lowing a 
render for the underpin ning of the Sch ool Bui lding .. A .  
Angiu J i i "  i n  P iazza M aria Pagano ( Figs .  27 and 28 ) .  l t  
reearcled the firsr success o f  the «pa lo  radice» .  The 
pil  es had a nomina!  diameter of 10 cm and an average 
l enght of  1 3  m for a working  laad thar ,  in  rhat case, 
was assumed of only 1 0  rans ( see Fig. 21 cited befare ) .  
Another important work, carried out  immediately 
after, was the underpinn ing of the Pal azzo d i  G iusrizia 
(Jusrice Building) in  Palermo ( see Fig .  29).  
9 . 2 - The consolida rion of the Church of  «Sant'Andrea 
delle Fratte» in Rome (XII century) carried out in 1 960 
( see Figs 3 0-3 1 ) . 
The origin a l  srructure belongs to the XII century , 
but th e presenr eh urch ,.._.as rebui l r ,  starring ip 1 6 1 2 ,  by 
Gaspare Guerra and compiered in  1 653 by Francesco · 
Borrom i n i .  
The consolidation , carried out in  1 9 6 0 ,  called for 
a complete intervenrion ,  borh in  rhe foundation a n d  
r h e  upper srrucrures. 
In fact in this case,  a s  in the m ajority of  the  
fol lowing cases, the  underpinn ing  was  compiered by a 
sysremaric rei n forcement of  rhe upper srrucrures ob­
tained by means of a low pressure groured steel bar  
grid in  serred i n to rhe wal l s  ( «reticolo cemenrato» ) .  
T h i s  sysrem is  largely described i n  t h e  earlier sec­
tion 4 . 5 .  
I r  i s  worrh-whi le  un derl in ing ,  moreover, rhat the 
con sol idar ion such as rhar thar  carried out for rhe  
above monument  follows a un ique criterion of static 
un ity which , from rhe dame, descen ds in to the subsoil , 
wirhout any in terruption of  con r inuiry .  
9 . 3  - T h e  u n d erpin n ing o f  t h e  << Pon te Vecchio» m 
Florence 
Ir was carried out m the years 62-63 . The m -
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ten·emion \\'a s  n ecessar) · due to r h e  p rec.1 r i o u s  sr ;ne of  
t h e  srru cru re.  gi\ 'en i t s  a g e  a n d  t h e  eYen t s  o f  r h e  l a st 
\\' a r  ( u Ponte  \ ' ecch i o »  " ·as  t h e  o n h· bri d ge t h ;H su rv i ,·­
ed t h e  sysrematic  desrrucrion o f  aÏI r h e  brid ges d u ri n g  
r h e  ,,· a r )  a n d .  l ast b u r  nor  lea st . r h e  ,- i brar ions cau sed 
b,- rra ffic . 
. As is shown in Figs.  3 2  a n d  3 3 . r h e  un d erpi nn ing 
i s  a cl ass ica ] « p a l i  radice»  t)·pe .  ,,· i r h  p i l es go i n g  
rh rou gh t h e  srrucru res t h a t  h a "e r o  b e  su pporred . 
The upper p a rt of rhe  bri dge \\' a S  n o r  rouched 
beca use ir \\' é!S  possible ro carr�· o u r  rhe "·ork u n d er rhe 
arch s . i n sra l l ing al l  rhe egu ipm em rh ere and us ing rak­
ing «pali  ra dice •• . This  was a very imporram advan­
rage . 
Th i s  u n derp i n n i n g  un derwem an exceprional  a n d  
d ifficulr  rest , d u ring rhe d i sa strous flood rhar  stru ck 
Florence in 1 9 6 6 .  <<Pome V ecch io» w i rh its smal ]  a rch 
spans acted as a son of dam which had ro bear the  v ery 
strong impact of rhe currem and of w h at i t  carrie d .  
T h i s  carastrophic evem m a d e  i t  n ecessary ro  
enlarge the flow capaciry through the arch spa n s  o f  
Pome Vecch i o .  T h i s  w a s  obtained i n  recent d a y s  by 
lowering the concrete fl oer un der the arch s by 5 0  cen­
nmeters. 
9 . 4  - A case of foundation setdement due to the traffic. 
Bootham Bar,  York, England ( see figs. 34-3 5 )  
• Th is  i s  a Monument o f  grear h i storica] impor­
tance , l ocared in one of the most i mportant engli s h  
towns. I r  is  o n e  o f  t h e  fou r  entrances t o  t h e  city o f  
York, founded b y  the Romans.  Th is  entrance w a s  
_ bui l t  b y  t h e  Norm ans in the XII century, on the fou n ­
d a tions of r h e  old  Rom an o n e ,  i n  r h e  l a te Norm a n  
style.  
The subsoil  cons ists of si lry san ds .  The i nterven­
tion was n ecessary due ra serious fou n dation ser­
r lemems, cau sed by vi brations induced by rraffic .  
The underpinning was carried o u t  by 1 1 4 mm 
n omina]  di ameter p i les ,  h a v ing a werking Joad which , 
due ra rhe del icacv of the s iruation , was l imited ra onlv  
10  rans . ,  even i r 'the res t  loads  gave results above 5Ó 
ran s ,  wirhout  fa il ure . 
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4 I Pa l i  rad ice '  ( root p i l es )  a nd 
l ret i cu l ated pa l i  rad i cel 
F .  LIZZI 
4. 1 Man and his construction problems 
The engineer is continually presented with new problems in construction. 
Whenever poss ible, he solves these problems with the help of his previous 
experience, collected as consolidated theory and science. 
Theory provides the basis for calcu lation and design and in the majority of 
cases, when correctly applied, gives a reasonable degree of safety. However, 
th is is  not always so ; for any science is a knowledge in progress and has, 
t herefore, i ts temporal l im i ts. When science falls short, man has to revert to his 
in tu i tion  and imagination, as he has done s ince the begin ni ng, to push it 
further. New, tentative systems are suggested and elaborated , and must be 
proved in  the field before they become part of reliable science. 
T hat was the case with 'pali  rad ice ' (root piles) and 'reticolo di pali radice' 
(reticulated root pil es) . The in vention of both systems which were of the sa me 
elementary structure (the 'pálo radice') was prompted by i mportant and 
urgent problems for which conventional systems had proved i nadequate,  
lead ing somelimes to complete fai lure. One of these problems was connected 
with the reconstruction or restorat ion of old bui ldings ,  particularly ancient 
monu ments, in areas such as l taly that had been severely alfected by the 
Second World War. Another, which appeared a t  thc same. t ime, was thc 
ground reinforcement  and relention systems necessary for excavations to 
be executed close to existing bui ldings (as is the case, for i nstance, with 
undergrou nd railways) and, more gencral ly, to guard against landslides, 
which became more and more frequent as space was made for new 
construction (h ighways, enlargement of urban areas, etc.). 
4.2 The problem of underpinning old buildings subject to settiement 
The major factor of i nstabil ity affecting an old bui lding is ground settlement, 
owing to v'arious causes, such as water-tabie movements, na tu ra! soil 
consolidation, seismie events, and traffic vibration and other human activity. 
Any act ion on a bui lding subject to settiemen t  has to take in to account the 
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cssen t ia l  fact that thc construction a l  ready ·exists' , and d uring the repair work 
there is, t hcrcf'ore , thc risk or worse n i ng.  ra the r than improving i ts cri t ica! 
cond i t ion.  Primum non nocae (first do not h a rm) warns an old Lat in  saying.  
This is thc ru l c  w i t h  u ndcrpin n i n g ;  b u t .  of cou rse, other po i n ts must be 
considercd : a modern fo u nd a t i o n  rei n force me n t  demands t h a t  several 
cond i t ions be s a t i s ncd , i . e .  
-- The rei n lo rce m e n t  m u s t  bc re l iab le  a n d  bascd on confirmed loadbearing 
elemen ts. 
- The strengthening work has to proceed as q u ic k l y  as poss ible ,  giving a 
progressive rel ief to the s tructure. 
- The rei nforcemen t once insta l led m u s t  g ive an im mediate response to any, 
even thc most m i n i m a ! ,  fu rther movemen t o f  the bu i ld ing.  
4.3 Thc state of  thc art in undcrpinning beforc thc i n troduetion 
of pa li rad icc ( 1 950) 
Thc proble m of proteer ing and sa lvaging old bu i l d i ngs has worr ied man 
throu ghout his h i story, and a l l  the techniq ues avai lab lc  at t h e  t ime have 
a l ways been summoned to help solve i t .  
4.3 . 1  Underpinning with additional founda tion masonry 
A sett iement of a fou nd a ti o n  is a lways a conscq uence of the Jack of balance 
between thc load of the s tructure and the bear ing capacity of the soil  a t  
foundat ion leve l .  The bearing capacity can ,  at a particular moment,  approach 
the l im i t  of fai lurc ,  owing to events end u red by the bu ild ing and the subsoi l .  
The idea of lowcring the level of the base of the walls to take advan tage of  
decper so i l s ,  which are u s u a l l y  m ore co mpact,  is therefore qu i te logica!. I t  i s  
not neccssary lo spend much t ime dcscribing th i s  method, which, al though i t  
d id in thc past save m a n y  bui ldings o n  the point of collapse, had numerous 
fai lurcs. 
There are many reasons for this .  
( i)  First ,  i t  req u i res great ski l l -not always available, especial ly today. 
( i i) Undcrpi nn ing,  which is nccessarily carried out 'by sections' gives rise at  
the end to a general relaxation of the structure as a whole. 
(i i i )  It is d ifflcult to obta in an adeq uate compaction of the new foundation 
soi l :  lhc si mple weight of the add i t ional masonry i s  certainly nol 
suilleient to achieve this. As a conseq uence, thc soi l  is loaded only when 
the total weight of the bu ild ing rests u pon i t ;  which sametimes happens at 
the cost of appreciable settiement 
( iv) Attempts at pre loading the soi l  by more modern means in troduce serious 
complications and can prove to be harmfu l  rather than usefu l. 
(v) I n  any case, underp inning generally cann ot be extended decper than the 
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level of  the water table : it would be very dangerous to dewater in order to 
reac h decper levels. 
4. 3. 2 Cunso/idarion of soit by means ofgrouting 
This  method (see Chapter 8) can so meli mes p rove etfec t ive due to vcry recent  
devdopments in  c hemica! grouts, some of which h ave a viscosi ty very near to  
that  of water.  Nevertheless i t  is advisable not  to genera l ize too much,  fo r th is  
methad of soi l  consol idat ion has some J i m i tat ions that  must be t aken i n to 
considera t ion.  
( i )  The soil  must have <1 m in imal amount  of  permeabi l i ty ; t oday i t  is possi ble 
to i njec t soi ls  ha ving a penneabi l i ty of K = I 0 -,4 cm/sec. More i mperme­
ab le soils ,  t hrough w hié:h even water wi l !  n o t  pass, are n ot injectable. 
These are clay and si lty soils, which are the soils most freq ucntly fo u n d  
below damaged bui ld i ngs. 
( i  i )  The l ower the viscosity of chem ica! gro u t  used , the lower i ts s trength.  
( i i i )  To be etfective this metbod demands u n i form spreading of  t hc grout  
below t he fo undation ; b u t  t he heterogencity of  many soi ls  makes such a 
u n i form spread d i ffic u l t .  The permcation has so decis ive an i ntlucnee o n  
the success o r  o therwise of  the operation,  t h a t  l i tt le or n o  advan tage, 
economically, i s  gai ned by this  metbod used in unsuitable grou n d  
condit ions.  
( i v) Gro u ti n g  does n o t  produce a sound conneetion between the structure 
and the s u bsoi l .  So while the structure rests upon t he subsoil ,  i t  is n a t  
anchored to i t ,  whereas th is  connecti o n , especially in the case of s lender 
structures J i ke t owers , is highly desi rable. 
4.3 .3  Underpinning by means of conventional ( drilled or driven) pi/es 
The i n trod ueti o n  of p i l ing  i n  the foundat ion technique for new b u i l d i n gs was 
one of the greatest ad vances in modern construction methods s ince thc earl y 
Thirt ies. I t  marked the begi nning of gcotcch n ics as a scicnce. S teel piles, 
precast co ncrete pi les and cas t-i n-s i tu  p i les replaccd the old shallow fou n­
dation systems. The most importan t  feature of this pi l ing techniquc was t he 
opportunity to design the foundation on the basis o f t hc load bearing capacity 
of  a s i ngle pi le which could be checked, w hen necessary, by d i rect load test .  
Whi le drive n  pi les could be i nstalled vertically as well as at  a rake, cas t-i n-si t u  
pi les could originally b e  insta lled o n l y  vertically. Their d iameter, accord i n g  t o  
the European R ules then i n  force, could n o t  be less t h a n  40  cm. 
Considering the success ofpi l ing i n  foundat ions i t  was logica! to i n vestigate 
the possibil i ty o f using the same system for underpinning. Driven piles have to 
be discounted immediately o n  account of  the vibration t hey i n troduce i n  
nearby s tructures. Some attempts were made with  cast- in-piace piles o f  the 
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type thcn in use ( cr t ica l p i les, m i n i m u m  d i a meter : O cm). The p i les were 
co n s t ruc tcel a close as possible to t he wal Is. to which t hcy were t hen con neeled 
by rei n foreed concrete beams. This in vol ved major cu t t i ng in t he wa l l s. a 
d angerous s tate o f  crisis d u ring t he const ruc t ion pcriod, befare L he fi na l  
conneet ion or  L he pilcs to  Lhe \>v•al ls, o nd a marked ha mpering of t he 
fu ncti o nabi l i t y  o f  L h e- bu ild i ngs. This met had had a s hort and d i fficul t  l i fc :  
some m od cra tely accep tab lc  resu l l s  were ou tweighed by severa l fa i l u re s .  
4.3 .4 Underpinning by mean.s of jacked-do J\'11 pi/es 
This met hod , J escribed i n  a nother sect ion of t his  book,  has been used widely 
a nd is  st i l l in use . Nevert heless, i t  is  not appl ica ble where the presence of 
boulders, old fou ndat i ons or o ther obs tructi ons makes pene tra tion of  t he soi l  
with segmcn ted piles d i fficu l t  or i m poss ib le .  
4.4 The 'palo radice' ( root pi lc) 
The problems and,  in  somc cases, complete fai l ure of the curren t  sys tems of 
foundat ion s trcng t he n i ng u rged the i n trodueti o n  of new, m ore rel i a b le and 
s a fer systems. S ucl� was t he s i tuat ion i n  1 950-52 when t he firs t  pate n ts for 
what would afterwards be cal led 'palo rad ice' were a pplied for by t he au thor 
of  t hese notes, on be ha!  I ' o f  the l ta l i a n  f1rm Fonded i le of Naples. 
A typical scheme of an underp i n n i ng by means of  pali rad ice (root pi les) is 
s hown in Figure 4. 1 .  The foundat ion rei n forcement is formed by a d o u bl e  
series of  smal i-d iameter piles, rotary d ri l led t hrough t he exist ing maso nry a n d  
taken to an adeq u a te depth in the subsoi l  below. W h e n  concreted , t h e  pi le is  
a u tom a t ica l ly bonded with the upper structure : there is no need of  com­
plemen tary connccling s truclurcs, n o  risky cuts i n  the wa l ls ,  and no 
d is t u rbancc to t he bui ld i ng's activi ties. 
Thc construct ion of t hc p i  les, spaeed out  a long the foo t  of  the wal ls ,  does 
n o t present  any risk to the s tabi l i ty of the exist ing struct u res. N o vibrat ion is 
invol vcd . Thc cons truct ion of the pi les does n o t i n trod u ce a ny part icu lar s tress 
in the wa l !  or the soi l :  this  is of v i ta !  importance in bui ldi ngs, especial ly  ancie n t  
monume n ts ,  in which t h c  conserva l ion of  t h e  existing, however precarious, 
eq u i l i briu m is  of paramount  i mportance. Pal i  radice ean be d ril led in any soi l ,  
n o  ma t ter w h a t  boulders, o l d  fou ndations or other obstructions i t  may 
conta in .  
4 . 4. 1 The techno/ogy of a palo radice 
Figure 4.2 s h ows the construction seq uence of a palo rad i ce. 
(i) The d ri l l ing is performed by a rotating casi n g  progressively introd t,�ced 
1) V E RTICAL C R OSS·S ECTI O N  
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b) H O RIZONTAL CROSS·S ECTION A·A 
Figure 4.1 Typical scheme of a pali radice underpin ning. 
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Figurc 4.2 M e t b od of construc t i o n  of ;1 p:do rad ice ( I )  D ri l l i n g ;  (2)  d ri l l i n g  comp lcted . 
(3)  p l a c i n g  of the reinforcemen t ;  (4 ) plac ing the grou t via trem ie p i pe ; (5)  gro u t i n g  com p k ted : 
(6) extraction of the casing ; (7)  pa lo rad icc completcd. 
i n to the s u bsoi l ; the spoil is rcmoved by A u shing water or ben to n i  te mud 
i n t roduced from thc top through a ro ta t ing swivel .  
(i  i) O nce t he dr i l l ing  has  been taken to a convenient depth,  t he rei n forcemen t 
is placcd : a s i n gle bar for smaller d iameters ,  ( l O  cm) ; a ca ge or a t u be for 
larger d ia me ters ( ü p  to 25-30 crn) .  I n  u nd erp i n n ing ,  the smaller 
d iame ters a re general ly to be prcferred . 
( i i i )  The grout is then p laccd by t remie p i pe,  the mix compris ing 600 to 8 00 kg 
of cement per m3 ,of sieved sa nd.  l t  is,  therefore, a high-strength grou t.  
O nce the casi ng has been fil led , i t  i s  gradual ly  extracted . At  the same t ime,  
comprcssed a i r  i n trod uced from the top pushes the m i x  ou tside the p ipe 
agai nst  the borehole. The pressure of the a i r  is l i m i tcd to 6 to 8 bars,  i n  order t o  
avoid ruptures of t h e  soi l  ('claq uages') , whi le be i n g  s u mcient to obtain a very 
rough o u ter su rface to the pi le .  This gives t hc marked adherence to t he soil  
that is  an essen t ia l  characteristic of the palo rad ice. 
4.4.2 The quick response supplied by pa/i radice 
The most s ign i fican t feature of thc pa l i rad icc used i n  underpinning work is the 
q u ick response to any m ovcmen t ,  however slight,  of t he structure. This 
essen t ial  fea ture is d ue to the technology of i ts constructi on in  w hich a palo 
rad ice is essent ia l ly  a frict ion pi lc .  I n  Figure 4.3 the d iagram s hows the 
load-scttlemen t cu rves of one of t he first l oad tests for the underp i n n i ng work 
carried o u t for a school  in  Naples ( 1 952).  The pi le,  13  m long,  had a d iameter 
of 1 0  cm and was rei n foreed by a s ingle bar of 1 2  m m  diameter.  The subsoil,  
characteris tic of  the volca nic area of Naples, was composed of a l tern a ting 
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Figure 4.3 The first load test on a palo radice . A, crushing of thc to� of the pi ie (a = 450 kg/cm 2). 
layers of vary ing  th ick ness of pozzolana,  lapi l l i  and sands. Genera l l y ,  i t  may 
be considered a loose so i l format ion .  It has been not iced s i nce thcn that even 
for high loads t he settiement of a palo rad icc is very smal ! ,  i n  the order of a 
fcw m i l l imetres. Being constructed as i t  is ,  pal i  rad ice u nderp inn ing  does no t  
supersecte the exist ing foundat ion .  From the start i ts fu nction i s  com­
plementary and on ly  when necessary does it contr ibute to t he foundation .  The 
bu i ld ing  con ti nues to rest on its old foundat ion soi l : it w i J l  call on the pil es to 
ass ist  on ly  i f, and to  the extent which, i t  settles. This is the most i mportant 
aspect w hich has made the palo radice so popu lar in u nderpin n i ng works. 
To clari fy further, pal i  radice u nderp i nn ing can be considered practically 
i nact ive at  the moment of i ts  construct ion .  lf the  bu i ld ing has a subseq uent, 
albeit  minima!, settiement  the p il i ng responds i m mediately, absorb ing  part of 
the load a nd reduc ing  at the same t ime the stress on the soi l .  If, despi te this,  the 
b u i ld ing cont inues to set�le, the p iles con t i nue to take the Joad u n ti l ,  fina l ly, 
the cn t i re bu i ld ing load is supported by them. 
In even the most  extreme case the se tt lements wou ld be l i m i ted to a 
maximum of a few m i l l imetres. 
4 .4.3 The working laad of a palo radice 
The working load of  a conventional fou ndation pi le  for a ncw bu i ld ing is 
genera l ly  a fract ion of the u l t imate load . J n  its assessmcnt  many factors have 
to be considered, i nc lud ing the desired safety factor and,  above a l l ,  the extent 
of the acceptable settiement for the new bu i ld in g. For i nstance, wh i le i t  may be 
acceptable to allow high settlements for the p i  ers of a s imply supported bridge, 
the same is not possible for a cont inuous structu re.  This considerat ion,  which 
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is  fu nda m e n t a l  fm a p i lc fo u nd a t i o n ,  i s  even m o re i m por t a n t  for u nderp i n n i ng 
and so ca11 110l  be neg!ected . 
ror i ns ta ncc, should x (sec Figu re. 4.4) be the max imum settiement  
acccptable for the structure to be underp i nned (the va lue would be i n  
m i l l imetres o r  fracti ons o f mi l l i metres), the correspond i n g  Ioad t o  b e  suppl ied 
by the pi le would bc P. The fact that  the u l t imate load for the p il e is  much 
grea tcr than P is of' l i t t le i rn portance. I t  must be stressed that  the matter of 
i mportancc is the acceptable sett lement .  
From th is  poi n t  of view i t  can bc  scen that  a pa lo  radice used i n  
u nderpi n n i ng is nol  completcly u t i l ized , comparcd to i ts ful l  bear ing capaci ty : 
it could a lways bear much more than tbc assigned load . The pi le ,  when i ts 
i n sta l l a t  ion has been completecl , has no immed ia  te work to d o ;  possi bly  it wi l l  
never b e  com p lctc ly u ti l ized. A s  Figure 4.4 makes c lear, for each i n termed i a  te 
settiement (m) part of the load ( P')  i s  transferred to the pile, whi le  the 
rema in ing  part (P - P') cont inues to be supported by the so i l .  
4.4 .4  The ·.wft'IY ji1clor · of' (/ poli rodice underpinning 
l t  can bc seen from t hc above L h a t  the safety factor of  the pal i  rad ice 
u nderpi n n i n g  d oes n o l  co rrespond or. bcttc r. is not l im i tecl . to the safety 
factor oJ' thc p i l i ng. as i s  the case with new bui ld i ngs ; i t  is much greater. 
At lhe moment  when Lhe pa l i  racl ice u n clerp i n n i ng is to start, the safety 
factor of lhe cxis t i ng fou ndat ion  wi l l  be very low ; but i t  is obvious that i ts 
va lue w i J l  no l  bc less Lhan  one. This marg in  wi J l  not  be cancelled by the 
construct ion o J' the pa l i  rad ice ; thcrefore thc new factor of safety wil l  be : 
17 = iJ./+ 'lP 
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where : 
tzfi I is t he safety factor of t he exist ing fou ndat ion 
p u h  . r f f h · 1 ·  'lP = - t s  t h e  sa1ety actor o l e p1 mg. p 
( Pu1 ,  = u l t ima te load ; P = work ing  load). 
4 .4.5 The design of a pa/i radice underpinning : the ultimate load 
of a palo radice 
Consideri n g  the above and,  more, in the l ight  of wide cxpericnce gai nccl o ver 
many d ec ades,  one can concl ude t h a t  a pal i  rad.ice u nderp i n n i n g  (or 
fo u nd a t i o n )  does nol ,  beyond a modest s u bsoj l  s ur vey,  necd any m ore 
soph is t ica ted i n vest igation and s tu dy. 
W here t he very wide range of case h istor ies , i n  d i rTere n t  so i l s ,  do n o l  
i m med iately supply sufl'icient d ata a bout  t h e  lenglh a nd bear ing capac i t y for 
t he various p i le d iameters, the design problcms can be s o l ved by d i rect load 
tes ts .  T hc cost o f  a load test on a palo rad ice is w i t h o u t  a n y d ou bt less t ha n  t h a t  
of burdensome subso i l  i nvestigat ions ; sampl i n g  analys i s  o f  the mecha nica !  
characteris tics of the soi l  and other d a t a ,  tha t i nvolvc ex tensive d oc u mcn­
t a t ions and are , i n  th is  i nstance, of very l i t t le  use. 
A fter t he many load tests Lhat have been ca rried o u t ,  somc p u rcly 
or ientat ive emp ir ica ! data can be give n ,  s imply cxprcsscd.  
( i )  With the exclusion of particularly soft soi ls ,  a pa l o  radicc develops i ts 
maxim u m  bearing capacity ( to t he crush ing I i mi t of the grout in Lhe cross­
section) over lengtbs of not more than 30 m. 
( i i )  For soils ha v ing an· average cons istency, 20 m is general ly suflicient .  
( i i i )  For very stiff soi ls ,  lengths of 1 0- 1 5  m are su fficient.  
( iv) For compact sands and gravcls ,  the l imit varics from 6 to l O m. 
(v)  For clay, the lengths can vary from I 0 to 1 5  m ci cpend i ng on the 
compactness of the format ion.  
Consicter ing Lhe a bove ,  a s i mple e m p i r ica !  ro rm u l a  ca n bc pu t  forward . for 
t he u l t ima te load Pu1, (kg) of a palo racl icc : 
Puu =. nDLKI 
where 
D is the nomina! diameter ( i n  cm) of thc p i le,  i .e .  t b c  d ri l l i n g  d i amete r ;  
L is  t h e  Jength o f  the pile ( i n  cm) ; 
K is a coefficient that represents, i n  kg/cm 2, the average i n tcraction between 
the pile and .the soi l  for the whole Jength. ( From the physical point  of view, i t  
can represent the pi lejsoi l  adherence, or the shear stress ind uced in  the soi l  by 
the pi le,  or the cohesion of  the soi l ,  etc.) 
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Tablc 4 . 1  Values of K (in kg/cm ') 
Soi l  
Soft soil 
Loose s o i l  
So i l  o f  a verage compactness 
Vcry sti ff s o i l ,  gravels, sands 
Tablc 4.2 Va lues of I 
D iame ter of thc p ile 
D =  J O cm 
D =  J S c m 
D = 20 cm 










I is a n on -d i m c n s i o n a l  eoe meient of for m ,  t h a t  depends o n  
d iame ter o f  thc pi le . 
Ta b les 4. 1 a nd 4 . 2  givc t hc approxima te va l ues of K a nd /. 
4.5 Case histories of undcrpinning 
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t he n o m i n a !  
The versat i l i ty of the  pa l i  rad ice syste m ,  w h i c h  can be  e xecu ted i n  any  
subsoi l and s i te condit ions,  has  p rompted i ts extens ive use. I t  i s  b y  now the 
al most u ni versal l y  ad opted system of u nderp inn ing. A smal! nu mber of case 
h istories , to be considered only as examples ,  are given be low. 
4.5. 1 Venice, !taly :  Tre A rchi Bridge (XVII century) 
T h i s  is the only bridge in Ycn icc to have three arches ( Figure 4 . 5) .  l t  was 
constructed in t he 1 7th  cen tury across one of the most important urban 
waterways. Fo l low i ng vcry serious settiemen t i t  was origi na l ly  decided to 
demol ish i t. The brid ge. howcver, was fu l l y  restored t hrough a complete 
u nderp inn ing w i th  pal i  rad ice, a rein forcement of the masonry wi th t he 
' reticolo cementato' system (network of grou ted steel bars), and strengthening 
of the va u lts b y  a saddle  i n  reinforeed concrete. A n  appropria te use of res ins  
was made in  the works ; particu larly, they were used in  the conneetion between 
the existing vau l t  and the saddle to improve the bond between these two 
elements. 
4.5.2 Eu re ( France) : monument al church of Tourny (X V ,century) 
Thc historie bu i ld ing (Figu re 4 . 6) was i n  a very bad condit ion, fo l lowing 
marked d i fferent ia l  sctt lements  of the foundations. The u nderpinn i n g  with 
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Figure 4.5 The 'Tre archï bridge, Vcnice, l ta ly. A. scheme of thc rei n forcement or thc li[Jper 
structur� : B .  scheme of the underpinni ng. 
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Figure 4.6 Eu re, Fm nee. M enumen t a l  ch urch of Tourny (XV century). 
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Strengthening of the lacade 
Underp1nning with Pali Radice 
Figure 4.7 G hent ,  Belgi u m . ' H et Toreken' (XV century) . 
pal i  rad ice d id  not cause any addi t ional  harm to the exist ing structure. 
4.5 .3 Ghent ( Belgium) : 'Het Toreken ' building (XV century) 
The very crit ica! overa l l  static cond i t ion of this bu i ld ing  (Fi gure 4 .7)  
demanded a fu l l  pre l im inary restorat ion of the upper masonry before 
u nderpi nning with pa l i  rad ice could beg i n .  
4.5.4 Derby ( UK) :  St.· Mary 's Bridge 
St .  M ary's Bridge (Figure 4.8) over the River Derwent ,  i n  Derby, was bu i l t  i n  
the years 1 778-94, o n  the model o f  the br idge o f  Neui l ly  i n  Paris.  I t was bu i l t  
on  the foundations of an  o ld  bridge which dated from the t ime of the Danish 
i n vasions in the year 800.  S trengthen ing  was req u ircd owing to foundat ion 
settiement of the two central p iers , caused by cxtensive undermi n i ng duc to 
scour. l t  was therefore carried out by first fi l l i ng the cavi t ies wi th bagged 
concrete and then u nderp i n n i ng with pal i  rad ice (d iameter D = 22 cm) 
installed from t he bridge deck through the masonry a nd penetra t ing a bout  
12  m in to  t he c lay  so i l .  
4.5.5 Trapani ( !ta!y) : Pepa/i Museum (XI V century) 
The National Pepoli M useum (Figure 4.9), built  in cabtreous tu ff masonry, 
showed evidence of s tress at many poin ts. Those most apparent could be seen 
i n  the north-west corner of the cloister porch, along the ju netion of the Church 
_, 
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Figure 4.8 Derby, U K . St M a ry's Bridge. 
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i facade slrengthening 
reinforcemen i 
Underpinning wilh Pal1 Radice 
Figure 4.9 Trapa ni.  l taly. Pcpoli M uscum ( X I V  <:cn tury). 
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a n d  t he C' ha rcl . a n d  a l o n g  Lhe West E n d .  F u rt her,  it was c lc a r l y  o u t- of- p l u mb . 
a n d  a re m a r ka b l e  b u l g i n g o r t he ['ou r  s idcs  o r  the po rc h i n  re l a t i o n to t h e i r  
cen tra l scc t i o n s  c o u ld b e  sec n .  A p rc l i m i na ry s u rvey 1 n d ica tcd tha t thc ed i tlee 
had been a llccted by l he i n s t a b i f i  ty or t he s u b s o i l ,  w h ic h  bcc a u sc or l he type o r  
soi l s ,  was pa n ic u l a r l y a ncctcd b y  m o vcments  i n  t he wa te r- t a b ie leve l  caused 
by t he e x p l o i t a t i o n  o r some nearby we l ls . O t he r  d i sj u nc t i o ns  were n o t icea b le 
i n  t hc co rrcs p o n d c ncc ó f' t hc porch ;! re hes w i t h  t hc �1 dj acc n t  s t r uc t u res . As wc l l  
as  res t o n1 t i on or t hc u ppu ll1 < 1 s o n r y  t hc i 'o u n d a t i o n s  werc u nd t :r p i n ned w i t h  
pa l i rad icc. 
4.5 .6  Florencl! , lw!y :  the wlcli!rp inn ing of thl! Pon te Vecchio 
T h i s j o b  was ca rr icd o u t  i n  t h e  yca rs I 962-· 63 .  The w o rk was necessary owing 
to thc p reca ri o u s  state  o f  the s tructu re. causcd b y  a ge.  t h e  cvents  o f  the  las t  w a r  
( P o n t c  Yecc h i o  w a s  t hc o n l y  bridge t ha t  s u r v i ved t h c syste m a t ic destruc t i o n  o f  
a l l  t hc br id ges d u ri n g  t h c  war),  a n d ,  l a s t  bu t n o t  leas t ,  v i brat i o n  c a u sed by 
traffic.  
A s  i s  s hown i n  F i g u rc 4 . 1 0, thc  u nd erpi n n i ng i s  a classic pa l i  rad icc  type.  
with p i lcs insta l led t h rough t he s tructures t ha t  have to bc s u pp orted . T hc 
u p per part  of t h c bridge was n ot  t o u checl , beca use i t  was poss i b le t o  carry o u t  
t h e  work rrom u ndcr t he a rchcs.  i n s t a l l i n g  a l l t bc eq u i pm e n t  t he re a n d  u s i n g  
ra k i n g  pa l i  rad icc. Th is  w a s  a very i m port a n t  a d v a n tage .  Th is  u nd e rp i n n i n g  
und crwent a n  cxce p t i o na l a ncl onerous tes t d u ri n g  t h e  d isastrous fl ood t ha t  
struck Florence i n  1 966. T h c  P o n  t e  Vecc h i o  wi t h i t s  s m a l l  a rch s p a n s  acted as  a 
sort  o f '  d a m .  w h i c h  had t o  bca r  t hc very s t  rong i mpact o r  the c u rre n t  a n d  t he 
delr i tus  i t  carr i cd . T h i s  ca tast ro p h ic eve n t  made i t  n ecessary t o e n large the 
fl ow capacity through ··t he a rc h  spa n s  or t he Ponte Vecc h i o .  Th is  was d onc 
recc n t l y  by lowering t he concre te noor u ncl er t he a rc hes b y  50 cen t i m e t res.  
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Figurc 4. 1 0  Florence. l taly. l 'hc l'ontc Vccchio. Schcmc o f  t hc u ndcrpin ning. 
\ ' ' ' \ \ 
1 00 UNDERPINNING 
4.6 Rcticulated pali radice (RRP) 
The s upport of any man- made construction is the soi l .  B u t  t he natura !  s o i l ,  as 
i t  is fou n d  i n  t he site selected for t he new construct ion,  d oes n o t  always have 
sufficient strength  for the purpose . To provide this basic req uiremen t, several 
d i tTere n t  systems have been ad opted s ince ancie n t  ti mes. The first and o ldest  
based i ts efficiency on en larging the base of  the wal ls  of  the new construct ion,  
i n  order to reduce the u nit  stress o n  the soi l  to wi th in  acceptable l i m i ts, 
consiste n t  with i ts mechan ica] characteristics. I n  very soft soil , overa l l  
res i s tance was i ncreased b y  means of  s m a l l  woeden p iles, driven at close 
een tres at t he base of the walls, in order to obtain a tampi n g  e lfceL This 
system, used since ancient ti mes and wi t h  substa n t i a l  success (con sidcr t he 
case of Venice) was, unt i l  recent ly,  the onl!Y example of i n -s i tu soi l  
re i n forcemenl .  The l i m itations of the ava i lable mea ns o f  d riving the pi lcs 
precluded more i m pressive resu l ts .  
M od ern systems, as  sta ted previ ously, entrust the loads of  the new 
constructions to pi les deeply rooted i n  t he subso i l .  With su rface so i l  n o  Jonger 
the d i rect support o f t he construction , i t  i s  the overa l l  resistance of the subsoi l ,  
especially o f  i ts deepest  strata, w hich suppl ies t he bearing capac i ty t o  t he 
i ndirec tly supporting elemen ts (piles). B u t  the i n trod ueti o n  of pi l ing, aime d  
esse n tially a t  supportin g  ind irectly only  t h e  vertical loads of t h e  construction, 
d id not solve al l  t he problems which, in more recent ti mes, ha ve confron ted t hc 
engineer. There was i n  some cases a need for a 'd irect' rei n forceme n t  of the 
i n -situ soil .  In recent years several very in tercst ing systems of in-situ soil 
rei n force ment have been i ntroduced a·nd are, by now, widely used . The 
majori ty of  these systems involve a physical ,  and i n some cases also chem ica!,  
alteratien of the n atu ra] soil ,  such as transformation of structure, varia ti on of 
volume, varia ti on of perineabi l i ty, aggregation of particlcs, and introduet ion 
of in tergran u lar m aterials, etc .  Such al terations are normal ly  accompanied by 
remou lding,  etc . - in short, by a substan tial a l teratien of  the exist ing 
e q u i li br i u m  of the soi l .  
On t he o ther hand t h�re are several cases i n  wh ich no state of  stress, 
a l tera ti on of the exis t ing equi l ibrium, variatien of the volume, or varia t i  on o f  
permeabil i ty c a n  be accepted on acco u n t  o f the presence of existing structu res 
( n atu ra! or  artific ial) because o f which even smal l  excavat ions are n o t  possible. 
The soi l  must remain unal tered -where i t  is and as i t  is .  This is  the field of 
appl ication o f  reticu lated pali radice structures. 
4.6. 1 Reticulated pa/i radice struct ures 
A reticu lated root pi le  structure (see Figure 4. 1 1 ) is a three-di mensi onal lattice 
soi l/pi le s tn.icture bui l t  d i rec tl y in  t he soil in situ accord ing to a pre-determined 
plan,  with many pali  radice for mi n g  a special resi sting netwerk . The pi les are 
a l l  connected at the top by an RC capping beam .  In the resistant complex, the 
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p i les a re the  l ines of force , whi le  the soi l  c ncompassed suppl ics  the weight,  
rather l i ke a gravi ty wal! .  The whole is  i n teneled to res is t  com pressive as we l i as 
tens i le a nd shear forces. 
I n  the exam p le shown in Fi gure 4. 1 1 , and i n  the practical appl icat ions  given 
in the fol lowing pages , the advan tages atTorded by t h i s  origi nal  type of 
s tructu re are seen m a i n ly i n  the context of the proteet ion of old b u i l d in gs,  
when the exca vation i s  to be carried o u t  i n  close prox i m i ty. O t her appl icat ions 
a lso described relale to the p reven tion of landsl ips close to cxist ing con­
s t ruct ions ( b u i l d i ngs, roads ,  bridges etc.) .  O n  accou n t  of thc n a t u ra !  rigid i ty 
ofTered by the soi l ,  the settle men ts and deformations of a ret icu lated pal i  
rad ice s tructure are general l y  extremely smal! .  The use of these structu res is  
t herefore of great advan tage for solvi n g  problems w here the u tmost a void a nce 
of soi l  rel axation is  essen t i a l .  
This  s tructure h a d  i ts orig ins  i n  1 9 50-5 1 ,  i n  at tempts to fi nd a proper 
s o l u t ion to  t he problem that  frequen tly occurs cl u ri n g  the construction of 
u ndergrou n d  structures in towns.  T he problem i nd icated i n  Figure 4. 1 I is that  
of  constructing a reta i n i n g  wal l  in  close p roxi m i ty to ex ist ing bui ld ings,  
w i t h o u t  previous excavati o n  a n d  without i nt rod ucin g  a n y  relaxation in  the 
b u i l d i n gs'  fou nd a tion soil .  This may have to be done in any type of soi l ,  
i nc l u d i n g  those con tai n i n g  boulders , o l d  fou ndat ions  o r  other obstruct ions .  
T he first  idea was to strengthen a con ve n ie n t  port ion of soi l  by means of grout 
i njec ti o n s ,  in a n  a ttempt t o  conso l id ate i t .  As stateel previously,  howcvcr, n o t  
a l l  s o i ls c a n  b e  i njected , a n d  even i n  cases w here i t  i s  p ossible,  t h e  correct 
spread of the grou t  cannot  be guaran teed . What is  more, a s o i l ,  a l though 
' t rea ted ' w i t h  grout,  a lways Jacks tensi le  resi stancc. I t was therefore cnvisagcd 
t h a t  rei nforcing e lements might  be i ntrod uced i n t o  the soil  accord i n g  to a 
predetermi ned plan i n  order to s trengthen i t , i n  a s imi lar  way to which the s teel 
bars strengthen the structure in rei n foreed concrete. 
The basic e leme n t  of the ret icula tcd pali rad icc structu rc is  thcrcfore t he 
palo rad ice, w hose mai n c h aracterist ic,  as descri bed i n  thc preced i n g  pages , is  
excep t i o n al ad herence to t hc soi l .  lt  i s  worth n ot ing that  the system d oes not 
rely on an i n tergra n ular i mpravement of the soi l  obtai ned by penetrat ion of 
the grout used for the construction of the pi les,  s i ncc, as s ta teet a bove, i n  
impermeable s o i l s ,  t h i s  effec t  w o u l d  b e  n on-existent . ( ! f i t  d oes exist, so m uc h  
t h e  be tter i n  such cases, a s  i t  c a n  be taken i n to accou n t  by rcd ucing thc n u m bcr 
of pil  es needed to construct a s u i table network. )  O n  the con trary, the system is  
based o n  the i n teract i o n  between p i le and soi t :  i n  fac t, i f  a p i le  takes i ts  bearing 
capaci ty  from the s o i l, i t  is  l ogica! to  presurne that the soi l .  i n  i ts turn, i s  in  a 
pos i ti o n  to tra n s fe r  a stress to a p ile .  
Provided they are n o t  too far apart,  t h e  piles can therefore be re l ied u pon to 
provi de a· k i n d  of ' knot'  e ffect .  The network of p i les e ncompasses and so 
supports t he soil,  but at  the same t ime the p i les are su pported by thc s o i l .  Thc 
p i les'  pri mary p u rpose i s  t h a t  o f i n trod uci n g  rei n forc i n g  elements i n to t hc soi l .  
· I 
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The val i d i t y  of thc a b o ve ass u m p t i o n .  at fi r s t  i n tu i t i ve.  has been widely 
eon l i r mcd b y  cxpcr ie ncc. as w i J l  he secn bc low.  
I n  the fol lowing scc t i ons d i  llèren t a p pl ica t i  ons of  re t icula ted pal i rad ice  a re 
d escri bed .  
4. 6 . 2  T h e  s/rcng!hening of' ! he  suhsoil in urhan areas 
As s la led a bovc,  the problem w h ic h  f1 rst  i n s l iga led the developme n t  of 
ret icula ted pal i  rad icc s tr uctures was t h a l  of thc proteet ion of exist ing 
b u i l d i n gs agai nst  a l tcrat ions  ind uced i n  the s u bsoi t  by na tura! ca uses or 
h u  man act ion (pa rti cular ly the construct ion o f  undergrou n d  t u n nels in  u rban 
arcas) . This is  n o l  a problcm o f  protect ing structures a l read y su freri n g  from 
fou ndat ion settlcme n t ,  b u t  ra ther one of avo i d i n g  d a mage to current ly  s tabie 
cons tructions .  Thc protec t i ve s tructure constructed i n  the i n-s i tu s o i l  is 
i n te n d cel to sepa rate thc fou nd a tion soil o f  the b u i l d i n g  from the d is t u rbed 
zone of thc cxcava t i o n . Obviously.  it is  impera l ive t h a t  the construct ion of t he 
proteelive s tructure must  n o l  i ntrod uce any a l lera t i o n  i n  the s t a ti c  eq u i l i b r i u m  
o f  t h c  c x i s t i n g.  b u i ld i ngs.  This  means that  n o  relaxation or rcd uct ion of 
rcsista nce can be permi tteel i n  the s u bsoi l  on w h ic h  the b u i l d i_ngs rest .  
Th i s  essen t i  a l  req u i  re ment sugges ted t h e  idea of d irect rei n forcement of t he 
i n-si tu  s o i l ,  in order to i m p rave i ts mechanica!  characteris t ics i n  view of the 
new stales of stress set  u p  by the cxec u t i o n  of the new works. The basic 
p h i l osophy of t hi s  re i n l'orcemc n t  i s  derived from several general con­
sidcra t ions,  i .e .  a vcrtical exca va t ion in  n a t u ra !  s o i l .  presen ts i n  general t he 
fol lowing d i llicu l t ics ( Fi g u re 4 . 1 2) :  
( i )  t h c  cru m b l i ng of t hc so i l  from t h e  !"ace o f  the excava t i o n ,  t hereby 
losing the con t i n u ity �1 nd com pact ncss possessed , to a grea ter or lesser 
extc n t .  by any i n -situ soi l .  
( i  i )  t h c  s l i d i n g  a long poss ib le cr i t ica ! su rfaces, a/a. hfh . . . .  nfn, so that even i f  
cru mbl i n g can b e  preve n tcel w i t h i n  a ccrl a i n  d c p t h ,  t h e  breakdown of a n  
e n t i re sect ion of  the s o i l  is  to b e  feared . 
Thc vcrt ic a l  exca vation sketchcel i n  Figure 4. 1 2  would be possi ble,  if t h e  s o i l  
were appropriatcly s trengthcned to form a n  idca l s upport i n g  gravity w a l l  
A B CD, wi t h  t h c  soi l  i tsclf  ac t ing as basic materi a L  T he pu rpose of the pal i  
racl icc must  t he rcforc be lwofo l d .  i .c .  
(i) t h e  pi les m ust reta i n  the soi l  and preve n t  i ts spoi l i ng by a n y  'flow'  through 
thc n etwork formeel by the p i les, cau s i n g  a rcduct ion of the c o n ti n u i ty and 
u n i ty o f  thc gravi metrie mass - i t is  only u nder these condit ions that  the 
overa l l  behaviour o f p i lcs and soil ,  acti ng as a u n i form whole,  can be relied 
upon ; 
(i i) thc pi les m u s t  also s u pply a s t i tc hi n g  and n ai l i n g  of t he various layers of  
the carth,  by ofTering an add i tional  res ista nce along the possib1e s l i d i n g  
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Figure 4. 1 2  S tabi l i ty  scheme for an cxcavation close to an cxist ing b u i ld i ng. 
s u rf aces. I n  this way t he sol id A ECD can assu me a u n i tary beha v iour as a 
gravity wal! able to support compressive, as well as tensi le and shear 
forces. 
4.6 . 2. I The proteClion of bui!dings close to excavations for underground roads 
or railways. A typical scheme, used for the Pari s underground as wcll as 
several ot her u ndergrou nd roads and rai lways i n  urban areas ( M i lan ,  
Washington and Barcelona u nderground, N aples Rapid Trans i t, Sa lerno 
subterranean railway, etc.) is shown i n  Figure 4. 1 3 . The ret iculated pal i rad ice 
s tructure d oes n o t  impose any res t rietion on the bu i ld i ng act iv i ty and,  i f  
n ecessary, can be carried out  without distru rb ing the surface traffic, a s  shown 
in Figure 4. 1 3 , where the work was carried out by means of a srnal l  service 
tunne l  constructed below the s idewalk .  The reticulated pali rad ice wal l  is 
i n tendcd to supply a cu t-off between zone A (above the tu nnel to be excavated) 
and zone B (below the bui ld ings) ; consequent ly  t he poss ib le  relaxat ion of  
zone  A d oes n o t  affect zone B.  
4.6.2.2 The proteetion of bui!dings directly above construcrion si  re  of shallow 
tunnels. I n  these cases i t  is i mpossible to prevent  the soi l  u nder the b u i ld ing 
from bei n g  affected by t he relaxat ion caused by the tunne l .  It i s  therefore 
n ecessary to transfer t he load of the structure outside the relaxed area. I n  
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Double track railway tunnel 
Figure .t f .j  Salerno. I taly. Proteet ion o f bui ld in�s d u ring t he construct ion of the new ra i lway 
t unnc:l wlder t he town, (AI>ore) c:Jeva t ion : (opposile) rlan. ( I )  Rct icul : t tcd r:di rad i<:c st ru.: l u rc:s : 
( 2) cappi n g  beam in RC connecting thc rcticulatcd p a l i  radice wi th  t hc slructures a bovc : 
( 3) compleme n t a ry pal i  radice for 'st i tching' the soi l  a bove t h c  tunnel .  
Figure 4. 1 4  an  exa mple is shown.  As a prevenl ive mcasure ,  a re i n fo reed 
concrete structu re was constructcel in thc basement of thc bu i ld ing, connect ing 
the  bu i ld ing frame to the pal i  rad icc p i l ing to make a sol iel complex. The p i l i ng, 
exccuted as. a mu l tiple ret icu lated pali rad icc structure, fu l fils the two a ims of 
u nderpin n i n g  the bu i l d i ng d i rec t ly and avoiding t he re laxat ion causcd by t he 
tunnel construction ,  by bei ng extended from area A to a reas B. B', outs idc thc 
proteelive structure. 
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An other salu t ion to a problem for wh ich ret icula ted pa l i  rad ice structures 
have provcd to be very effec t ive is thal  of landsl ides .  The d i rec t or i nd i rect 
protee t ion of a construct ion (bu i ld i ng, road, bridge, etc.) aga ins t  t h'e risk of 
landsl idc shou ld  be considcred as a problem of u nderpin ning,  because i t  
i nvolves the stab i l i ty  of the exist i ng structures. 
Any natura !  surface when i nc l ined has an inheren t tendency to slide d own.  
The potent ia l  movement is normal ly prevented by the combined actions of 
i n terna I frict ion and cohes ion of tbc soi l .  W hen t hese i n tern al farces d eercase 
in ,  or lose, the ir  effïciency, thc soit sl ides : th is  is the case, for instance, in clayey 
soi t ,  wherc thc incrcasë of  mois ture con ten t  red u ces i ts mechanica! res istance. 
In  this case appropria te rctain i n g  structu res a re necessary in  o rder  to reach 
firm strata ancl keep in place t he na tura! soit above ,  especial ly w he n  there are 
structures res t ing  on the surfacc. W henever possible, m asonry or concrete 
retain ing  wal ls are constructed ; bu t there a re cases w here t he excavat ion 
n ecessary for placing such rcta in ing walls is not  possi ble without e ndangerin g  
t h e  stab i l i ty o f  t h c  whole s lope. I n  such cases a reticu la ted p a l  i rad ice reta in ing  
wa l ! ,  buried deeply in  the  so i l  to reach t he firm s trata (Figure 4 . 1 5) ,  offers a 
su i table so lut ion ,  bccausc 
(i) i t  does not  rcq u i re any cxcavat ion ; 
( i i )  i t  can bc constructed i n  any  so i l ,  whatever the permeabi l i ty a nd w hatever 
bou lders or other obs tructions may bc presen t ;  
( i i i )  the network of p i  les does not preven t  water c irculat ion i n  t he subso i l ,  so 
t here is no risk of wa ter accu mula t ing  a t  the back o f  the wal! ; 
( iv) design can bc arranged to coun teract any pattern of i n ternal farces. 
Of course, such a solu t i on is on ly  possible provided some stabie format ion 
can be found  at  a reasanabie depth. 
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Figure 4. 1 5  Reticulated pal i  rad ice structure for stabi l iz ing a la ndsl ide i n  loose soils. 
4.6.3. 1 The problem of Iandsfides in ji-ac!Ured rock or semi-rocky 
formation. The c lassic landsl ide i n  clayey soi l ,  as d iscussed in the previous 
sect ion ,  i s  nat the only kind of landsl ide.  Recen t ly the construction of 
h ighways, d ams and o ther l arge s tructures has involved maj or mod ifications 
i n  the m orphology of the exist ing surface of the n a tura!  soi l ,  thus creating a 
s tate of instabi l i ty  and risk even in n orma l ly  stabie fo rma ti ons. The increased 
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Figurc 4 . 1 6  Typical examplc of slope consol idat  ion by means of reticulated pali  radice in a 
semirocky formation . 
grad ien t of t hc s lopes --dictated by loca l exi gencies - has created the possi­
b i l i ty of l andsli dcs. A typical example is sketched in  Figure 4. 1 6 . The 
construct ion o f t hc new road i n volves a cut A-B in  t he exist ing s lope. Becau se 
o f  the prescnce o f  cxisting b u i ldings, the cut  A-B must  be s teeper than the safe 
i ncl inat ion A-C. Conscquent ly the portion A-B-C of the sl ope needs to be 
consol idated . 
A reticu la tcd pa l i  rad ice structurc ,  wi th  piles spread i n  groups conneeled by 
a series of smal!  h orizontal concrete beams,  proves t o  be a m ost su itab le 
so lut ion .  The thrcc-d i mcnsional pattern of t hc reinfo rcement gi ves an 
appropriate u n i ty to t hc unstable rocky fo u ndat ion,  which comes to resem bie 
a form of rei n foreed masonry rest ing o n  t he safe i ncl ined surface A -C. 
Additional ly, thc penetration of the pi les for a few metres beyo nd t he cri tica] 
su rface A - C  acts l i ke 'nai ls '  providing addit ional  resistance to the s l iding 
farces. 
T he schemc is s imi lar  in appearancc to t he system o f p restressed anchoring, 
but i t  is s u bstan tial ly d i fferen t in  i ts philosophy. 
( i)  First ,  i ts p u rpose is not  the con neetion of the surface with some firm and 
rel iable s tra ta in thc s u bsoi l ,  for which very long anchors are sametimes 
necessary. The only pu rpose of the reticu l ated pali  radicc structure, fro m  
this  point  o f  view, is  thc 're inforcement '  o f  the wedge A-B- C. I t  i s  
t hcre fore sufficicn t for t he toes of t he p i les t o  penetrate only a few metres 
beyond the crit ica] surface A - C. 
( i i )  A reticul ated pa l i  rad ice s truc ture d oes not in trod uce any stress in the 
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soi  l ;  this po int ,  as descri bed abovc, i s  crucial and fu l l y  in accord a nce wit h 
the sp ir i t  bchind t he u ndcrp i n n ing of b u i ld i ngs. For the complete 
preserva t ion of the exist ing eq u i l ibri um is also of paramount  importance 
i n  t he case of a s lope i n  a critica! state,  whi le  the i n trod uetion of forces, as 
w i t h  p restressed anchors, could be dangerous. 
( i i i )  Prcstressed anchors depend for their efficiency on the constrai nts  
i n troduced i n  t he soi l. This  efficiency i s  completely lost  by relaxat ion ,  o r  
by i n terru p t i o n  a l o n g  t h e i r  length owi n g  to corrosi o n  or other causes. 
Any p ile of an R RP structu re is ,  however, a lways partici pati ng over i ts 
fu l l length i n  the overa l l  resistance o f the wholc in taking compressive,  as 
wel!  as tensi le,  stresses, eve n i n  case o f part ia l  ruptu res aftcr a fai l u re.  This 
is because of the h igh frict ional  resistance of a palo rad ice. 
( i v) A nc hors req u ire a bulky rei n foreed concretc •structu rc on thc su rface t o  
u n i  t e  the very large loads en trusled t o  t hem.  The R R P  struc turc,  bascd o n  
a denser configuration of pi les, req u i res o n l y  s m a l !  horizon ta l  c o n ­
n ect ions .  T h i s  i s  very i m portan t for t h e  preserva l ion of the environme n t  
t h a t  i s  n ormal ly  req u i red for s lopes i n  i n habited areas. 
figure 4. 1 7  i l l us trates example,  as d escribed a bo ve.  The n ew Sào 
Paulo-San tos H ighway in  B razi l ,  had to cross a very d i fficult  m o u n ta i nous 
regio n ,  the Serra d o  M ar.  Cuts i n  the s lopes and the construct ion of 
foundat ion wel ls  (after t he trad i t ional  sys tem o f ' tubuloes') i nvo l ved i n  several 
cases , an a llerat i o n  of the equi l i br ium of t he so i l  (weathered gneiss, largely 
fractured). A three-d imensional  reticula ted pali rad ice s tructure, i n troduced 
gradu a l ly,  without any d is tu rba nce in the subso i l ,  suppl ied the necessary 
rei n forcemen t. 
4.6.4 The reticulated paii radice structure as a reinforeed suil basement 
The problem i l l u s trated i n  Figure 4. 1 8  is a nother cxample of t he ad aptabi l i ty 
and versati l i ty of the system o f  rci n forcing t he soi l  w i t h  pal i  radice. Two 
tun nels o n  a new l i ne of t he Tokyo u ndergro u n d  had to be dr iven near to an 
exist ing ta l !  cons truct ion :  ( t he ' Panorama Tower') .  Thc problcm was t he 
p reserval ion o f  t hc stabi l i ty of t he towcr. 
The problem was solved i n  a very q u ic k  and s i m pte way by a co mplete 
u nderp i n n i n g  of the cxist ing fou ndat ions w i t h  a network of pi les encagi ng t hc 
soi t .  The res u l t  is a rei n fo reed soi t  'u ndcrbasement' ,  in tcgra tcd with thc towcr 
to form a s ingle  gravity system s u n k  deep i n to thc so i l .  l ndeed , s o  deepl y  
rooted was t h e  structure t h a t  the constructio n  of the tu nnels  eauscel o n ly 
mi nor movemen t. The obvious condusion is that the i n tcgrated soi l/pi le 
basement i n vo l ves a very large vo lume of the subsoi t which cann o t ,  as would 
have been the case w i th the existing foundati ons ,  bc aTfected by the re laxation  
res u l t ing  from t he constructi o n  of the  tu nnels .  . I I 
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Figure 4. 1 7  Süo Pa u k> .  Brazi l - - Sa n tos l l i ghway L a n d s l ide preven t i o n  i n  a sem i ,•ocky for­
mation by mcans ol' rct icu l<t tcd r:l l i  r�d icc. 
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4.6.{ 1 A nother case o{underpinning. tofacilitale rhe conslruction of a medium 
depth tunnel benearh w1 existing building. Figure 4. 1 9  i l l ustrates one of  the 
problems wh ich was solved i n  conneet ion  wi th  thc construct ion of a new 
h ighway in t he su bso i I of the c i ty o r  Nap les. As  soon as the exca vat ion of onc 
of t he two tu n nels approachcd it ,  t he b u i ld i ng s howed s igns of some very 
worry ing  d i lrerent ia l  settiemen t .  Consictering t he rela t ive pos i t ion ,  i n  p la n  and 
depth ,  of t hc bu i ld ing · and t he tunnels,  i t  was i mpossib le  to consider an 
u nderpin n i ng of the type i nd icated i n sect ion 4.6 .2 .2 ,  where the  load of the 
structure is taken i n  the deep strata 'ou tside' t he tun ne l .  T he solu ti o n  was t he 
construct ion of a rct icu lated pal i  rad ice s tructu re through the fou ndat ion 
wa l ls .  in  ord er to obtain a rei nforeed soi l sub-foundat ion 'above' t he tunnels ,  
su i tab le for a bsorb i n g  thc unavoid a b lc soi l relaxat ion i n trod uced by t he 
cxcavat ion  of the tunne ls ,  wi thout  apparen t deformat ions and wi thout  
d i s turb ing  the overa l l  s tab i l i ty of t he construct ion .  There was ,  i n  fact ,  general 
settiemen t  of  the a re a. inc l ucf ing  thc bu i ld ing  wh ich d id not suffer any damage. 
as the R R P  structurc pree lucled Lhe possib i l i ty o f d i ffercn t ia l  sett iemen t  of the 
various parts of Lhe structurc.  
4.6.5 Reticulated pa/i radice for consolidation of damaged tunnels 
Tunnel l i ng i n  st ructu ra l ly  complex format ions ,  suc h as ftysch (a chaotic m i x  of 
mar l ,  clay a nd l i mes tone) is s t i l l  very d ifficu l t .  Yery freq uen tly, the u n bala nced 
soi l  thrus t  ca uscs damage to the l i n i n g  of the t u n nels .  F igure 4 .20 i l l ustra tes 
t he scheme for strengthe n i ng the o u ter she l l of a tunnel .  The pattem of pal i  
rad ice forms a n  arch o l' rei nforeed soi l reach ing  far in to  t he surrou nd i n g  so i l .  
The p i lcs have the  lu ne t ion  of homogcn iz ing and distri bu t ing the stresses 
excrted by the so i l ,  and of even tua l ly  concentra t ing  these stresses wi th in  the 
t u n nel l i n i ng. 
This type of rei n forcement shou ld not be con fused wi t h  ' rock bol t ing' 
usua l ly  carried out  i n  rock lorma l ions to reach sou nd matcrials exis t ing just 
beyond the zone d i s turbed by the cxcava t ion.  Here in fact there is  no 
competen t ma terial to reach ; i t  is the u nsta ble so i t i tself w hi c h  is re inforeed 
a nd made se lf-su pporting. The design of the re i n foreed so i t  arch is based on an 
eva lua t ion of the average mechanica! bchaviour  of the soi t surround ing  thc 
l i n i ng, wh ich is to become the support of the composi te soi l-pi le s tructure.  
Th is schemc was successfu l ly  adopted i n  I taly recen t ly to secure a n u m ber  of  
h ighway tunne l s  wh ich  s howed s igns of i m m i nen t  fa i l u re after the ir  con­
s truct ion .  A si m i  lar rei n forcement was carried out lor an  old rai lway t u n ne l  i n  
Francc, where t hc i n vert was progressive ly  sunering upl ift .  
4. 7 Thc design problcm of a n  RRP structure 
One of t he major advan tages of pa l i  rad ice used for the purpose of  
u nderp i n n i n g  i s ,  as a l reacfy stated , t he extreme simplicity o f  design, m 
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Fïgure 4. 1 9  Underpi n n i n g  of a building to b e  u nderpassed by a t u n nel.  
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Figurc 4.20 Scheme of re i n force ment ol' a t u n 1\el in an u nstablc clayey forma ti on. 
cornparison w i t h  the old systems. l t  is also possib le to p repare a s imple and 
re l iable est i mate of eos t ,  exc lud ing  a ll owance for any u n usua l  c ircumstances. 
A rcl iab lc  des ign i s  not ,  however, so s i mple wi th  a re t icu lated pali rad ice 
structure.  I n  t h is connect ion ,  i t  m ust first of a l l  be remembered that  the 
pu rpose of t bc p i le nctwork is twofold : 
( i )  first ,  to encompass thc soi l i n  order to make a composite soi l/pi le rnass - i n  
genera ! ,  t h i s  ci cpenel s  o n  the mechan ica! characterist ics o f  the soi l : a good 
i n terna t  fr ict ion a ncl ,  even more, a good co hes ion ,  redu ces the n u m ber of 
pi les nccessary for the pu rpose ; 
(i i) seconcl ,  to supply the necessary rei n forcement  t o  the soi l/p i le structure, i n  
order to res is t  essent ia l ly  tens i le forces. 
The design of a reticu la ted pa l  i radice structure is t herefore based essen t ially 
on  the 'densi ty' that  must be given to the structure i tself in order to accomplish 
these req u i remcn ts . For this .  i l  is nec;cssary t o  de lermi ne thc followi n g :  
(a) t h e  n umber and eliameter of the p i les nec�ssary t o  adeq u a tely retain the 
soi l  i n  order to enable i t  to bchave as a u n i t ; 
(b) the number a nd d iameter of the p i les necessary to s t i tch the d i fferen t  
layers between thcm a n d  to provide the rooting in  t h e  s o i l  beneath. 
Each of these requ i remen ts , though t hey do not conflict, does envisage a 
d iffere n t  'dens i ty ' for thc pi les. I t  is evident that  the n u mber ofpiles will be that  
rcq uired by the preva i l ing condit ions in  each case. In genera! ,  i t  may also be 
said that i t  is better to usc a denser d is tribu tion of smali-diameter piles, rather 
than a more thinly scattered one of large-d ia meter pi les. 
This general rulc may be departed from in specific cases , for example, when 
dcal ing with reticula tcd structures req uired to prevent  landslides composed of 
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rocky or semi-rocky fr"actured materials .  This material i n  i ts natura ! condi t ion 
const i tu tes a negat ivë element  owing to i ts  p recarious equi l i bri um,  but  i f  
i nserted i n to a ret iculated pa l  i rad ice s tructure may, on the contrary, become a 
co-operat ing element  of very great usefu l ness. I n  th is  case, the general 
encompassi ng  of the soil i s  a lways necessary, but even more i mporta n t  is the 
need to oppose the shear farces, which can, a long the cri t ica! s urfaces, reach 
very h igh  levels, especial ly when the lands l ip  is actua l ly  moving. I n  these cases 
(presence of rocky materials), the poss ib i l i ty of explo i t i ng  to best advantage 
the effect of the s hear res istance of the p i  les suggests t he adopt ion of d iameters 
greater than those normally u sed , tagether w i th an adequate steel 
reinforcement .  
The use  of ret icu lated pa l i  radice s tructu res i s  by now q u ite common, and 
the specific req u irements of each case offer the chance of  d ifferent se he mes and 
s iz ing. This  abi l i ty to be adapted to very d i fferent  s i tuat ions is a u n iq ue 
c lement of reticulated pal i  rad ice. I t  mus t  be reme mbered that the s iz ing of 
such a structure- that is, the 'densi ty' to be given to t hc p i les-is pr imari ly a 
techn ica!  problem, i n  as much as i t  d i rec t ly affects the safety facto r ;  but  there i s  
a l so  the  p roblem of economics, s ince a reticulated pa l i  rad ice s tructure wi th  
too dense a p i le layout  would be  very expcnsive, a nd i t s  pract ica l app l icat ion 
would therefore become very restr icted . The eneauraging resu l ts of the work 
a l ready carried out ,  however, suggest that safety margins adopted may 
perhaps have been excess ive. Si nce the begi nn i ng, thcrefore, thc need has bee n 
fei t  to check the behaviour of the s tructure i n  model  tests and a t  ful l  scale, 
by measurement and i ns trumen tation ,  to derive sugges t ions for fu ture 
appl icat ions .  
4. 7. 1 Mode/ tests on re ticuiateel pa/i radice 
The essenr ia l  purpose of several tes ts, carried out  to fu l l  sca le a nel i n  moelel 
reticula ted structures, has been to check,  a t  least on a q ual ilalive bas is ,  the 
i n teract ion between the p i les through the so i l .  The mutua l  i n fl uence between 
p i les located at close spacing (the 'group efrect ' )  is wel! known. I n  order to 
check the so i ljpile behaviour as a whole,  it is necessary fl rst to vcr ify, at 
d i fferen t  spacings, the mutual  in fluence of paral lel  p i les. I t  is very cl iflicu l t  to  
carry ou t  such an i nvestigat ion on a· theoretica! basis only,  on account  of the 
heterogencity of natura! soi Is .  Some con tr ibut ion  to the understand i ng of the 
problem was therefore suppl ied by tests carried out in art i flc i a l l y  made 
homogeneaus so i l  w i th  reduced-scale model p i les. 
The scheme of one such test is i ncl icated i n  Figu re 4 . 2 1 .  The so i l  was coarse 
sand .  The fu l l  exper iment consisteel of fou r  series of tes ts, wi th p i les 
respect ive ly 50, I 00, 1 50 and 200 d iameters long. Each series was formed of 
6 groups of � pi  les each, spaeed from 2 to 7 diameters, plus an addit ional  s ingle 
pile. The resu lts  of the tests a re summarized in  thc d iagrams showing spacing 
against efficiency. The term 'efiiciency' is ind icativc of the l oadbearing 
capac i ty of a pile in  a group, compared with the sim i lar loadbearing capacity of 
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a s i ngle pi le-practically, the 'group effect' .  From t he d i agrams it can be see n 
that spacin g  between 2 �nd 7 diameters, the loadbearin g  capaci ty of the p i  les 
in groups is  h igher than  t he l oadbeari ng capac i ty of a s i n gle pi le.  Th is resu lt is 
n o t  in agreement w i t h  what  is currently considered the normal beha viour of 
pi les i n  groups, w here c loser posi t ioni ng of the pi les is  s upposed to reduce their  
'efficiency'. But,  in  the case of t he group of pa l i  radice, one must consider the 
great length of the p i les as comp ared wi th  t heir d i ame ter. The test  de­
monstrates, therefore, t ha t  t he l oad i s  carried not only by t he single pi les, b u t  
a l s o  by t he soi l  t hey encompass. Obviously the resu lts  correspond to t he s o i l  
and to the part icular condit i ons of the tes t ;  nonethe less, ful l -scale experi ments 
have c o n fir me d  that the i n teractio n  between parallel  p i les is  efTect ive a t  
spacing wel l  beyond t he conven tional  l i m i t  o f  the three d i ameters. 
This 'group effect '  is  n o t  .the on ly  e ffect on which a ret iculated pal i radice 
structu re relies. There is in add i ti o n  the ' netwo�k effect', derived fro m  the 
three-dimensi ona l  pa ttem in w hich t he p i les a re arranged, to  encompass 
the so i l  to make it part of  the soi l/pile w hole. This very i mportant  effec t 
Test no. 1 
'"'@'/.. I 
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Test no. 2 
( 1 8  vertical piles) 
t 
Test no. 3 
( 1 8  ret1culated piles) 
Figure 4.22 'Group e!Tect' and 'nel e!Tecl '. Layout of the tests. Spacings (s) and lcngth (L) 
e�pressed i n  d iameters, D. Soil, sieved coarse sand. 
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has been chccked by field and model tests. One m odel test is descri bed i n  
Figu re 4. 22.  Thc s o i l  was coarse sand.  Tests were carried o u t  on th ree groups 
of pi les : one forn1cd by three vertical pi les, spaeed at 1 7. 5  d iameters ; t he 
second formed by 1 8  vertical p i les, spaeed a t  7 d iameters ; and the th ird formed 
by 1 8  pi les aga in  spaeed 7 d ia meters, but a rranged in a netwo rk ,  l ike  a basket. 
The i ocrcase in thc klad bear ing  capacity,  tak ing I as the value for a p i le 
belonging to grou p N o .  I (pi  les widely spaced),  was 68% for the piles i n  grou p  
o f  1 8  vertical pi les a n d  1 22/;; for the p i les i n  t h e  1 8 -pile network . S i m i l a r  
res u l ts,  a l though not  w i t h  t h e  s a m e  percentages , were fou nd i n  d i lTerent soi ls .  
4.7 .2 Fu/1-scafe tests carried our on reticu!ated pa/i radice 
The fi rst o fllc ia l tcst on a fu ll-s ize structure was carried ou t i n  1 9 5 7  on bc half  of 
the M i la n U ndergrou nd (Figure 4. 23) .  A fu l l-scale re ticu lated pal i  radice 
retai n i ng wal ! ,  1 2  m deep, was i n stal led in the M i lan subsoi l  (essent ia l ly  sand 
and grave l). The wa l l  consisled of 1 6  pi les (60 m m  n om i n a !  d iameter, each 
rei nfo reed with a 1 2  m m  s teel bar) per ru n n i n g  me tre of wa l ! .  The 60 m m  
d ia meter was exce pt ional ly smal ! ,  a s  n ormal m i n i m u m  d i ame ters are i n  t hc 
range of I 00 m m .  A n  RC ca ppi ng bea m conncc tcd thc pi les a t  the top.  On t hc 
back of thc rcticu lated pal i  radicc s tructurc, an RC wal l ,  support ing heavy 
bal last ,  was i n tc ndcd to rcprescnt  I he act ion o f  a b u i ld i ng .  The load of t hc 
bal last  was approx i matcly 40 ton nes per ru n n i n g  mctrc of wal ! .  
O ncc t hc i nstal lat ion was complctcd t h e  front  face of t b c  w a l !  was 
progressivcly cxcava ted to a maxi mum dcpth of 8 m ,  over a cen tral sect ion of 
8 m .  Thc deform ation of the rcticu la tccl s t ructurc was accura tely c hecked 
d u ring thc cxcava t ion  (first phasc) , and d u ring a second p hasc when t hc load 
was tran sferred from t hc back of t hc wa l !  d i rect ly on t o  thc wall i tscl f. 
Dcspitc  thc s ize of the appl icd load, thc wall d id n o l  show s ign i ficant 
dcform at ion ,  a nd although this encouraged the Milan U nderground 
A u thority to a cl opt th is  type of structurc for sevcral o ther d ifficu l t  jobs 
( Loggia dei Mcrca n t i ,  Corso B uenos A i rcs, V ia B occaccio,  M ol ine l lo  and 
Turro Viaducts ,  etc.) i t  d id not con tr ibu te s ignifican tly to thc cvaluat ion of thc 
u l timate rcs i s ta nce of t hc rct iculated structure. Thc doubt  rcmaincd , thcrc­
fore, t h a t  the structurc had, perhaps, been ovcrdesi gned . On other jobs strain 
ga u ges wc re i nstal lcd o n some o f t hc pi les t o  c heck the prcscnce of strcsscs, and 
i n  t hese cases as we l ! ,  al though t hc structurc fu l ly  satisficd the p u rp oses for 
wh ich i t  was adoptccl, no s igni fican t  strcsses have been detccted . 
This  partietdar  aspect (rigid i ty of reticulatccl pal i  rad ice structurcs) w i l l  bc 
dea l t  w i t h  in the ncxl sect ion .  
4. 7.3 The re t icuialed pa/i radice structure from the physical point of view 
Thc cxpcric ncc gathcrcd from both t hc many works carricd out  a nd thc d i rect 
l oad i n g  tests cxplains thc truc p hysical mea n ing of thc bchaviour  of a 
reticulatccl structurc.  
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Figure 4.23 Schemc or the load t�st on a reticula ted pa l i  radice retai n i n g  w a l l. ( ufr) the scheme · 
top,  first stage, bottom, second stage. (A bovc) the s i te, 
The ce n t ra l factor i n  t h i s  s t ruc t u re is t he s o i l  w i t h i ts mec h a n ica ! p ro pert ies 
(density,  i n terna l  fr ict i o n ,  co hes i o n ,  etc.) and a lso i ts  fragi l i ty and very l im i ted 
cl e forma b i l i ty. A network of p i les a l one w i t h o u t  the s o i l  has, in pract ice , no 
res is lance a t  a l l  and a poten t i a l ly i n fi n i te deforrn a t i o n .  I f i nse rteel through the 
so i l ,  the  network re t a i n s  i t  and ma kes i t  ' h o m ogeneous '  by co n nec t i ng t he 
vari ous  parts  a ncl so _ a l lowi ng a fu l l  c o l l a bora t i o n  by su pplyi ng , w here 
req u i red , a resista nce-even if a s m a l l  o n e - t o  lens i o n  and s hear forces. This 
res i s tance is a va i l a b le only w i t h i n  very s m a l l l i m i ts o f  deformati on ,  si nce t he 
l i m i t i n g  fact o r  is t he fai l ure of t he s o i l .  A t  t h i s  stage i t  may appear t h a t  t he 
con tri b u t ion o r  t he p i  les is n o l  ve ry s i g n i fica n t ,  s i  nee ! he i r  fu l l  res i s t a nce is n o l  
dcvcl oped . T h i s  is  t ruc,  bu t the  s m a l !  con l ri bu t i o n  they m a k e  is  nonetheless 
cssent ia l .  
One c a n n o t  expcct s ign i fica n t  dcl"or m a t i o n  to preeed e thc fi n a l  fa i l u re o f  a 
rc t icu la tcd s t ruct u re b u i l t  i n  a nat ura!  soi l .  A so i l  reac h i ng a deformation near 
the m a x i m u m  ra te a l l owed b y  i ts mec h a n ica ! charactcris t ics becomes fissu red , 
l oses i ts con t i n u i ty a n d  ra i ls w i th o u t  be i ng s u pportcel by the reticu l a ted 
s truc t u re : s i m i lar ly  in rei n fo reed concrete ,  if the concrete i s  crus hed t he 
stabi l i ty  o f the s tructure can no Jonger be s u p p l ied by t he rei n forcemen t  alone.  
I n  looking for exper imen ta l confirmation of t he way a reticu lated pal i  rad ice 
structure works,  therefore, it would be n ecessary to use exception al ly sensi t ive 
measu r i ng i nstruments,  capable of chec k i n g even the min imal  m oveme n t  of 
the encorn passed soi l , as  wcl l  as t he sma llest d eform a tions and s t resses ar is in g 
i n  the  p i les . 
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4 .7. 4  The design of a_"reticulated pa/i radic·e slruclure 
Consicter ing the above, the design of a ret icu l a tcd pal i rad ice s t ructurc i s  n o l  
an easy task .  I n  t h e  very complex so i l-pi le  i n teract ion ,  there are many factors 
whose i n fluence on t he fin al beha viou r o f  t he s t ructure cannot be conven icn tl y  
assessed . There is t he so i l ,  w i th its  heterogenci ty a l  d i ffere n t  leve ls ,  each o f  
wh ich i s  characterized b y  d i fferent  geometrical and geotcchn ical parameters 
(co hes ion ,  i n ternal  frictio n ,  spec ific gravi ty, m o d u l u s  o f  elas t icity,  s u bgradc 
reaction ,  etc.) . There are the p i les with thcir geometrica l pallcrns a nd the ir  
character is tics of resistance, mod u l us of e last ic i ty ,  sk in frict ion etc .  A part 
from the fact that the nature of  the rela tionsh i p  between so  many d ifferen t  
parameters i s  prac tical ly  u n k nown,  there i s  also t he d i fficulty of collcc t ing  
correct values for the parameters t hemselves.  
On the other hand a design may be cons iderecl re l iable only when d i lTeren t  
designers co m e  to the same conclusions for t h e  s a  m e  problem . I t is wel l  
k nown that  th i s  cannot  be expected i n  some geotechn ical problems. l t  i s  
therefore preferabie to base the des ign of a re t iculated pal i rad ice s tructure on 
some s imple ass u mptions based on t he concept o f  're inforced so i l ' ,  a nel so 
s imi lar  to those currently used for rei n foreed co ncre te. Two typical cases wiJ l  
be considered : the reticulated pal i  rad ice grav i ty re ta i n i n g  wal ! ,  a nd re­
t iculated pali rad ice for general so i l  rei n forceme n t .  
4. 7.4.  1 The pile-soil amp!ificarionfactor. The p i le-soi l a m p l i !1ca t i o n  factor i s  
a key parame ter whose va lue  has a great  i n !1 u c nce o n  t h e  res u l ts o r· nu merical 
calculat ions .  I t  can be assumed as : 
where 
EP = modulus of elas t ic i ty of l he p i le 
Es = m odu lus of elast ic i ty of the so i l .  
A lternat ively i t  can b e  assumed as 
w 
m ' = --K 
where 
K = subgrade reaction  of the so i l  
W = rat io between the  u ni t  s tress on the cross-sect ion of  the p i le a nd the 
conesponding settlement, as can be checked by a d i rect J oad test on  a p i lc.  
Obvi ously, t he two values are not  l ikely to be equa l ;  i t  i s  up to thc expert to  
c hoose t he most  sui tab le value. 
4 .  7.4.2 Design of a reticulated pa/i radice grm•ity retaining 1ml/. Th is sc heme i s  
most su i tably applied i n  cases w he re convent ional systems are imprac t ica l 
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or i mposs i blc. such as in ·cut a nd cover· construct ions for su bways where 
the s t a h i l i t y o f nea rby b u i ld i n gs has to bc fu l l y  protected , and  where .  owi n e  
to d i O ic u l t  s u bso i l  cond i t i on s .  o t he r  s o l u t i o n s -- s uch a s  d i a p h ragn� 
wal l s ·· ·  e<t n tl O t  bc u scd : or for l a n d s l id c preve n t i o n  i n  loose so i l ,  w he re i t  i s  
a bsol u tc l y  i mposs i b lc to excava tc fo r t hc co ns truc t i o n of conven t iona l  
rc ta i n i n g  w�t l l s .  
F igurc 4. ::'4 i l l u s t ra t cs t hc t y p ica l � t r r�t n gc mc n t  of a rct ic u l a ted pal  i rad ice 
gr<t v i ty re t a i n i n g  wa l l .  Thc l"orccs <t e l i n g  on t he s t r uc t u rc a re 
S,. = ac t i vc pres s u rc from t hc back 
s,, = rass i ve r rcssurc <l l t hc fo ot 
P = gra vi ty. 
O n  a h or izo n t a l  cross-sec t i o n  .iJ .  A .  t h c  force s c a n  bc red uced to 
V =  vcrt ic�t l force ( l o <td )  
H = horizo n ta l  force (shcar) .  
For t hc design , d i fferent  ass u mp t ions e<l n be made depend i ng u pon the 
part ietd a r  so i l c h a ractcr is tics i n  order to collect scveral u l t i mate va lues for t he 
s o i l  a n d  p i lc s t rcsscs. Ta blc 4.3 s h ows a possi b le ca lcu l a t i o n ,  w i th refe rence to  
a ret icula ted p a l i  rad ice reta i n i n g  wa l l .  
Georechnica! cialil 
a n g lc o r  i n ternal  frict ion : 
u n i t  wcight of t he so i l :  
co hesi on : 
su rcha rge : 
0 0 0  
r/! =  30° 
)1 = 1 8 kN;'m 3 
c = O  
g = 20 kN/m2 
�-y _ _ _  � �'!:��E_ î -mtilm!�&h�rl,t!&},��:fo 
A R E  A TO B E  
E X C A VA T E D 
L I M I T  O f  A H 
E X C AV A T I O N  - - · - 1-#o�'-'I'V -'"'.:l.nnrTmT""""'"' ""'  
S p  
_ _ _ _ _ _  .,.. 
















a � 9. 2 0 L._ ____ _, 
q 
@ @ 
Pa/i radice data 
d i a mete r :  h = 1 50 m m  
steel reinforcemen t : o n e  b ar, d iame ter : d = 1 8  m m  
n u m ber of p iles ( l i near metre of wall ) : n'= I 0 
P i le-soi l  a mp l ification factor : m = 40 
Yertical  u n i t  stress on the soil : a(Njcm 2) 
Load o n  piles (vertical componen t) : N" ( k N) 
3 
( 1 )  shows the scheme of the reticu lated s tructure ; (2) sh ows the gra vimetric 
stresses on t he soil  befare the exca vati o n ; i n  (3) ,  the vertical l oad as wel l as t he 
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Tablc 4.3(h) 
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forccs i n trod uced by t he act ivc prcssure, a l'ler t he excava t i o n ,  a re ass u med t o  
b c  su pror tctl b y  t hc s o i l  o n l y  ( n o  pi lcs).  Thc m a x i m u m  val ues fo r t he u n i t  
s t ress o n  t h e  soi  I .  a ,  a re obta i ncd . I n  ( 4) , thc s a  m e  forccs a s  fo r ( 3 )  are assu med 
to bc su pportcel by t he p i les o n l y.  The maxi m u m  val ues for t he load on t he 
p i les a re obta incd . I n  (5) a nd ( 6) t he forccs i n trod uced by t he excava ti on are 
assu med to be s u p rortcd by the combi ncd act ion o f s o i l  a n d  pi les·accord i n g  to 
the a m p l i lica t ion rac t or, m. Somc i n termed ia te va lues are obta i ned , both for 
the so i l  a nd t bc pi les.  I n  (7)  a n d  (8) i t  is ass u med that ,  u lt imately, a l l  forces, 
i nc l u d i ng t he dcad wcig h t  before thc excava t ion,  are su pportcel by the 
combi ned so i l- pi lc  act i o n .  Some rcfcrcnce va l ues are obtai ned . 
1 t  is up to the cxpericnced geotec h n ical  engi neer to decide the m ost  
accept<1 b le  valucs.  consicleri ng t h a t  a vcry cfficicn t so i l-p i le  i n teract ion can be 
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more eas i ly obta i ned in s t i ffsoi l .  As for the res ista nce to s l i d i ng o f the s t r u c t u re 
d ue to t he t h r u s t  p r od uced by the act ive earth p ress u re ,  i t  i s  res i sted , n ormal ly ,  
by t he s o i l  o n l y ,  t hrough the fri c t i o n a l  res istance a n cl  the  c o hes i o n .  i f  any .  
T hcrefore t he c o n d i t i o n  of s t a b i l i t y  is : 
wh ere 
P = total  vert ical  load act ing on the horizon ta l  scct ion ; 
A = area of the sec t i o n  
5 0  = h orizontal  c o m po ne n t o f  the  thrusl .  
O n l y  i n  the case o f  a semi- rocky fractured form a t i o n  I S  the  shear 
res ista nce e n t r u s teel m a i n l y  t o  the p i le rei n fo rcement 
4. 7. 4.3 Design of a ret icu/ated pa/i radice strucn;re fvr general .wi! reinforce­
mem in st ijf or semi-rocky forma tions. T h i s  is the scheme genera l l y ad opted 
for soi l rei n fo rcemen t to s ta b i li ze a lands l ide  in st iff or semi-rocky forma tions 
( F i g u re 4. 25) .  I n  ad dit ion to  the normal geo tec hn ical parameters o f  the soi l (at  
least  as a n  average) , and the geo metrica l ,  structural ,  and mec h a n ica !  d ata o f  
t h e  e lemen tary palo  racl ice,  i t  i s  a lso  necessary to  co l lcc t  d a t a  on thc possi ble 
external  forces act ing o n  the proposcel re t i c u l a ted struc t u re as a w hole .  Once 
the above eleme n ts a re col lected , the design o f  the rct icu l a ted s t ru c t u re m a y  
r roceed. T h e  p roblcms t o  b e  solveel a re general l y  rela tecl to the be havi o u r  of 
the com po s i te soi l-pi le s tructure as s u bjeeteel t o  compressive (ancl tens i le), as 
we! l  as shear,  stresses. In a l l  cases, the p roblem i s  to ca lcu l ate the con t r i b u t ion 
m ade by the p i les to the resistance of the n at u ra !  s o i l .  
T h e  first  s tep i s  to delermine t he 'cr i t ica ! '  s l id i n g  s u r face, i . e .  thc s u r face 
w h i c h  has t he m m 1 m u m  fac tor of safe ty. Scvera l methods a re in usc, b u t  
S A F E T Y  S U R FA C E  F' > I 
S E M I R O C K Y  
F O R M AT I O N  
Figure 4.25 Reticulated pali rad ice structure for landslide prevention in s t i ff or semirocky 
forma tion. 
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a n a lysis  by an experienced geotec h n ica l engi neer is a bs o l u te ly  necessa ry.  The 
p u rpose o f  thc network of p<l l i  rad ice is twofold : lïrst, to encom pass t he s o i l  
port ion a bo ve t he 'cri t i ca ! '  s u r facc, a n d  sec o n d .  t o  ' n a i l '  th is  s u r face, s o  
s u p p l y i n g  add i t i o n�d s hca r forces. Thc design of t h i s  ' n a i l i n g' can b e  carried 
o u t  as fo l l ows : o ncc t he fac tor of safety F, has been assessed . the design o f the 
ret icu la ted s t r u c t u re ( n u m ber a n d  d i ameter o f  p i les.  rei n forceme n t  etc . )  is  
o b t a i ned by t he l'o l l o w i n g  l'or m u L1 : 
F, = ( R +  R')IA 2 1  
w hcrc 
R = t o t <d rcs i s t i ve f'o rccs on t hc "cr i t ica ! '  s u r face 
A =  mo t i ve fo rces on the same s u r face 
R'  = t hc ad d i t i o n a l  s he<t r rcs is ta nce provielcel by thc pi les. 
This a d cl i t i o n a l  res ist ancc dcpends on e i t hc r  thc s hea r res is ta nce o f the p i lcs 
or  the res ista ncc of thc so i l to bc ' c u t '  by thc pi lcs, w h ic hever is the s m a l l er .  I n  
semi-roc k y  o r  very st i ff so i l s  thc  s hear res is tance o f  the p i  les i s  more importa n t  
t h a n  i n  loose s o i ls ,  where t h e  resistancc of t h e  s o i l  i s  the. l i m i t i n g  va l u e .  
4.  7.4 .4 Rericulared pa/i radice struc tures in rockyforma rivns. Th is  case occ u rs 
m ore frcq ucn t ly  t h a n  might  bc expected , because Lhe i ns ta b i l i ty of such 
n a t u ra !  fonn a t i o n s  i n vol ves seri o u s  problems o f  sa fety.  The m a i n  pri n c i p le i n  
the use o f  ret ic u l a tcd r a l i  rad ice s tructu res i n  these s i t u a t i o n s  is very s i m p l e : 
the object is to form a s lrengt hening t h rec-d i mensi o n a l network o f s u ffic ient  
t h ick ness to prod uce a k i nd of cyc l opean masonry wal ! ,  i n  w h ic h  t he 
connec t i n g  cleme n t  is suppl i cd by t he p i les ( Figu re 4 .26 ) .  No s u r face capp i n g  
s truc t u res a re neccssary,  exccp t for some w i re mes h,  re i n foreed b y  cables t o  
g u a rd <l ga i n s t  t he fa l l  of smal !  pieccs o f  rock.  
4. 7.5 T/f(' design of '  a rer icularcd pu!i rudice srrucrure-· conc/usions 
I n  the <t bsc nce o l' a m ore rc l i a b l c  t heoret ica !  approach , calc u l a t i o n s  roughly  
baseet on t hc concept o f "re i n forcecl soi l ' .  a nd so s imi lar  to t h ose c u rre n t l y  used 
lor rei n foreed co ncrete, may be uscd . A better gu ide, h owever, can now be 
o b t a i necl by an c x te n s ive e x a m i n a t i o n  of works carried o u t .  Reilee t i o n  u pon 
the facts ,  a nd t he col lect i o n  a nd se l ec t i o n  of rcs u l ts to o b t a i n  some d a ta o f  
general  va l i d i ty is ,  a t  thc momen t, t h e  best way to  delerm i ne fu t u re des i gns.  I n  
a d d i t i o n .  t h e  advan tages a ncl opportu n i tics o ffercel by thc m odern s ystems o f  
ca lcu l a t i o n  m u s t  b e  l'u l l y  e n co u raged i n  order 
(a) to expl ore the i n tlucnee o n  t he fi n a l  res u l t  of the several d i fferen t 
parameters o f  the problem ; 
(b) to in vest igale thc poss i b l e  fo rces, as wel ! as the poss ib le deforma t i o n  o f t he 
s truc t u res, accorcl i n g  to the d i ll'eren t hypotheses. 
A compu ter c o u ld be o f  great hel p  in a s u rvey of th is  k i n d ,  s ince t he problem 
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Figur� 4.26 Capri, l taly.  Rctic u l ated pal  i rad icc for consol idat ion of a rock face. 
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could be posed as a logica! matter of a nalysis and  synthes is ,  supported , i f  
possiblc, b y  more a nd more appropr ia tc i ns trumentat ion .  
l t  mus t  be conc luded that for th i s ,  as for many o ther geotechn ica l  problems . 
it is no t  possi blc to have at one's d i sposa l an  exhaust ive system o f  calcu la t ion  
ready to  be  appl ied wi th  complete safety. The design of a ret icu la ted pa l i  
rad ice s t ructure, t hcrc:fore, requ i res the at tent ion of a qua lified expert. I t  i s  t o  
be hopcel tha t  t he  i n terest ra ised i n  t h i s  particu lar  structure wiJ l lead t o some 
impravemen t  in  ru t u re des ign approaches. 
4.8 Thc p roblcm of  stabi l ity of a towcr 
The rei n forcement of the fou ndat ions of a t owcr is a u n ique  problem in the 
field o f  the conso l i cl a t ion  o f  ancien! monurnen ts. The s tab i l i ty  o f  a tower is  
a lways ex tremcly del icate a nd t hc r isk of a d isastrous fa i l u re ari s ing  from i ts 
u ncerta in  stabi l i ty d u ri ng t he re inforcement works m ust always be borne i n  
m ind ,  besides wh ich,  the  crect ion o f  prevenl i ve shor ing i s  n ot very s imp Ie , for 
two fu ndamenta l  rcasons.  F i rst ly ,  wi th maso n ry shoring (bu t tresses) there is  
the r isk o f  i ncreas ing the u n i t  s t resses on  t he so i l  adjacen t  to the tower, 
resu l t ing  in  a possi b le conseq uen t fa i lure. Secondly ,  a metal shoring,  on t he 
other hand ,  is subject to vari ab ie s tresses induced by varia t ions i n  tempera­
t u rc. I n  the fol lowing sec t ions some fu rther case h istories are i l l u s tra ted , i n  
actd i t ion t o  t h e  rei n forcement  o f  the foundat ions  of t h e  Pan ora m a  Tower i n  
Tokyo. a l rea d y  descri bed i n  sect ion 4.6 .4 .  T o  descri be a case s t i l l  pen d i ng, 
some notcs w i J l  be gi ven on the Tower of Pisa.  
4 .8. 1 The Burano Bel/ To wer, Venice , ltaly ( X V! century) 
The conso l idat ion of the founda tions  of th i s  famous tower (Figure 4.27),  a 
wel l -k nown fea t u re i n  the landscape o f  t he Yenet ian lagoon ,  was a very 
d ifficu l t  problern which i n volved the fo l lowi ng (Fi gure 4 . 28) . 
(a) Prelim inary preparatory work. Owing to t he very poor q u al i ty of  t he so i l  
ancl ,  even more, the  extreme u rgency, i t  was n ot possible to  s tudy and  carry 
o u t  adeq uate p rcparatory work.  The tower was i n  danger of imminen t 
col lapse. The problem of an e mergcncy safeguard was solved by means of two 
opposing groups of a few provisi onal pali rad ice, p res tresscel respectively i n  
compression a n d  i n  tension ,  i n  such a way a s  to  create a s tah i l iz ing moment .  
For  th i s  p u rpose the p i les were d ri l led , as  usua l ,  through the  exis t ing  
fou ndat ion masonry, bu t  were not conneeled to i t .  I nstead , they could s l ide i n  
their ho les u nder the act ion o f  two series o f  jacks, one for i n troducing  
compressive forces on  t he  lean ing  side, the ether for i n troducing tens i le forces 
on the opposite s ide .  The jacks acted aga inst a s turcl y  s teel frame construc ted 
in the base of the tower. 
' 
1 30 UNDERPINNING 
Figure 4.27 The lea n i n g  Burano Bcll Towcr. Ven ice. l taly. 
(b) Underpinning. Once a reasanabic stabil ity of the tower had been 
obtained t he underp inning, by means of pal i  radice, was carried ou t. The 
aforementioned provisional p iles were nol taken in to account .  The pal i  radice 
u nderpinning, on account  o f the close spac ing of the piles, may be considered 
also as a reinforeed soi l  basement ,  gravimetrica lly associated with the towcr. 
The system of pali rad ice can be easi ly compared to the root s tructure of a tree. 
It is connected to the s tructure in such a way as to react both to tensile and 
compressive stresses. Th is  i s  extremely importan t. The cent re of gra vity of this 
gravimetrie complex is very near to the level of the soil ,  t he advantages of 
which are obvious. 
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Figurc 4.28 B u ra n o  flcll Towcr - - scheme of t hc underp inn ing  by mca ns  of  pal  i radice. 
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Figure 4.29 M os u l .  l raq . The A l - H a d  ba lca n i n g  mi naret. 
4 .8 .2 The streng then ing of the A I- Hadba Minaret ,  Mosul, !raq 
(X 1! century )  
Dal ing  back to the l 2th century, th i s  minare t  ( Figurc 4. 29) has always,  l'or both 
h istorica! and rel ig ieus reasons, bee n a famous  mon u men l bclovcd of the I raq i 
people , w ho have often taken i t  as one of thc vcry symbols of thc cu l tu ra l  
heri tage of lheir nat ion ,, Like the majori ty of other m inarets of the area, 
cxposed as they are to the n orthwest winds, thc A l- H adba has shown o ve r  thc 
years a marked tendency t o  Jean towards thc sou th-cast .  Th i s  phcnomenon  
had res u l ted i n  an ever-i ncreas i n g  and  decidcdly dangcrous swayi ng i n  recen t  
years, i n troducing extra compress i ve stresses o n  the lea n i ng sidc a n d  tcns i le  
s tresses on  the opposite s ide.  The p recious arch i tcctu ral briekwark ornamen­
ta t ions  were cru mbl ing and becoming d etached from the main structure .  The 
or ig inal  masonry could no t  resi s t  such p henomena,  made as i t  was of poor­
q ual i ty, chalky-based bricks and m ortars, due to  which it had u ndcrgone a 
s low and progress ive deterio rat ion .  
As may · be see n  in  Figures 4 . 3 0  a nd 4.3 1 ,  a complex and systc matic 
i n terven ti on was made, both a bove a nd below ground level, yc t th i s  was 
completed i n  on ly  n i ne months  of e ffect ive work. 
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Figurc 4.30 Thc A I - H ac!ba lca n i ng minaret. Scheme of th e u nd�rpinning by means of pali 
radicc. 
4.8.3 Thc Tower of' Pisa 
The fact that thc prohlem of" t hc conso l idat ion  of thc Lea n i n g  Tower of P isa is 
s t i l l  wai t i  ng for a solu t ion ,  a fter more than eight een tu ries,  isjust as amazing as 
t he proble m i tse lf. Thousands of proposals col lcc ted dur ing th is  t ime cram the 
a rch ives o f  the au thority i n  charge o f  the preserval ion of this world-renowned 
monumen t .  Ncvcrthc less, up to n ow no decis ion has been taken ,  a l though,  i n  
recen t  yea rs, a n  i n ternat iona l  i n vi ta t ion resu l ted i n  the submiss ion  o f  a 
substant ia l  n u m bcr o f  proposals from a l l  over the  world,  from Mexico to 
Japan,  to  the specia l  I n ternat iona l  Commit tee. 
I t  must bc recal l ed that, in that past,  some m i n or res toration works earried 
out in the i mmed iate subso i l  of thc tower led to an abrupt and u nexpected 
i ncrease in the i nc l inat ion  of the m o nument .  Perhaps t his  alarmed t he 
authori ty i n  c harge a nd sugges ted the n eed for the maxim u m  ofprudence. Yet, 
apart from the u n ique h i storie and art ist ic ren ow n  of the Tower of Pisa:, i ts 
p roblems o f  sta b i l i ty a re probably no more complex than the two analogous 
problems i l l us trated above (Burano Bel l  Tower and M osul M i n aret) .  
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Figure 4.31 The Al- Had ba lcan ing  
minaret. Gravimetrie schcme. 
F igure 4.3- s how t he thrce struc t u rcs side by s i dc to t hc se� me scalc. The 
reader wil !  note,  in t hc ratio benveen hcight H a nd m i n i m u m  base di men sion 
IJ. t h c  grea ter s lender ncss a nd grca tcr i n sta bi l i ty of tbc Burano Towcr a nel  thc 
M osul  M i n a ret,  whcn co mparcd with t hc Towcr or Pisa. f3 u t  what  is m ore 
i m port a n t  is t h a t t hc move m e n t  o l" I he f irst l w o  t owcrs a l t he c o m mcncc mc n t  
l l l " i h e  s t rc n gt hc n i n g  c o n t ra e l s  wnc c .\ t rcmcly  ; ll .: l i vc .  IV h i lc t hc nwvc lnc nt  ol" 
l hc Towcr o i' P i sa is n l most nq?.l i t,i hlc .  n nd c; 1 n he d c t l'l· t cd on ! �· hy w r v  
Süj1 h is L it:tt lct.! i n s tnl lllèl l t S .  
1-ïgu rc 4.33 i l l ustra tcs t hc t.!csign prop�lsal s u b m i l l ed by hmd�.:d ilc � .p .A.  l t  
was dcsigned by a gro up formcd by t hc au lhor ( F. Liz7.i),  :tnd by E. G ia ngrcco, 
J .  K erise l .  a nd R. M o randi,  with t hc col labora tion or G. Carnevalc and F. 
G rasso. The most sign i Ïlca n t  aspc:; t of thc p roposal is the fact t h a t  it is bascd 
on tcc hniqucs a nd technologies (such as pa li radicc) which ha ve been widcl y  
tcstcd over thirty years o f  cxpericnce. Here the concept emph asizcd abovc 
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Figure 4.33 (over) The Fondedile S.p.A. project for the conso l i d a t i o n  of t he Tower of Pisa. (A ) Scheme of the works ; (B) gravimetrie sche me ; (C) the 
' K ncc-ca p ' ;  (D) the temporary strutti n g. 
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1 3 8 UNDERPINNING 
must be recal led, i n  which a dense pal i  rad ice u nderpinn i ng, i n  actd i tion to 
bei ng a true foundat ion,  may a lso be considered as a so i l-p i le ' re inforced soi l '  
basemen t ,  closely bonded to ,  and associated with,  thc upper structure ,  with 
the resu l tant  overa l l  centre of gravi ty very close to t he ground surface. 
There is, however, another way of look ing  at i t , namely that  proposed by 
Professor J .  Kerise l : the ' root pi le' underp inn ing  makes a posit ive crossin g  of 
the cr i t ica! s l id ing surface (a k ind of 'knee-cap'), which,  on the basis of the 
avai l able data, may be supposed to be u nder t he Tower. 
4.8.3 . 1  Temporary strutting for the Tower of Pisa. An i mportant part of t he 
project concerns t he temporary stru tt ing .  I n  fact, i n  add i t ion to the project for 
consol idat ion,  the  I n ternat ional  I nv i tat ion asked for a pre l i mi nary structure 
to be i nstalled befare the execution of any work , r to obviate the risk of any 
movemen t, h o  wever m i n ima! ,  of the .  tower dur ing the p hase of u nderpi nn ing  
and strengt hen ing. 
The s tructure proposed by Fonded i le  is a reticu lar s teel ' be l ! ' ,  havi ng the 
form o f  a ch i ld 's p laypen,  which surrounds the tower (Figures 4 .33, 4 .34). The 
react ion between the bu i ld ing  and the propping structure i s  i nd uced 
au tomatical ly ,  in case of emergency, by the reaction between the tower and 
two sol id  metal r i ngs, be longing to the ' be l ! '  and s i tua ted at d i ffcre n t levels. 
. � . .  -· � .
. 
Figure 4.34 Layout of the temporary struts. 
.
. . 
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U nder normal  cond i t ions, thc two r i ngs have s i mple con tact wi th  the tower, 
by means of bca ri ngs. which s l ide vertica l ly  along the surface of the tower ; 
there is t he rel"orc, n o  t ra n s m ission of s tresses. I n  the case of emergency (a 
suddcn i ncreasc in i ncl ina t ion) ,  t h c  towcr reae ls agains t  the two r ings, 
dcve loping a stabi l i zing couplc (only a couple), that p revents the tower from 
lca n i ng fu rther.  13esidcs the advan tagcs of nol  i ncreas ing the load on the soi l ,  
thereforc t hc support" oll"ers im mcd iate re l icr  to t h e  instabi l i ty or the 
monument .  
As wel !  as the a bovc-ment ioned vert ica l bcarings, t he 'be l l '  is suppl ied with 
s l id ing horizonta l  bear i ngs set  on the outer base r ing .  They ensure that  any 
varia ti on of tempcrature g ives r ise only to an expansion (or contraction) ofthe 
steel s tructurc as a whole ; so, as thc vcrtical as wel !  as  the horizontal bear ings 
a l low l"or such deformation ,  no action occurs against the tower. This  
insensit iv i ty to tem perature wou ld exist  a lso i f  the 'bcl l '  were ac tua l ly  
support ing t hc towcr, bcca usc tbc  react ion  between t he bu i l d i n g  and t he 'be l ! '  
would nol  hamper t h c  f"ree expansion ( o r  co ntract ion) of both t he vertical and 
horizontal  beari ngs. 
In short ,  the prov is iona l  safegua rd structu re p roposed is characterized by 
the fo l lowing cssent ia l  points : 
\ 
�\_,..--- New steel frame 
\ 
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Figure 4.35 A dding additional lloors to an  existing building. 
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( I )  No appl ied ex tern al forces. 
( 2 )  Q u ic k  response.  
(3) Reacti o n in  proportion to thc degree o f  d i s t u rba nce. 
(4) M i n i m u m  s tresses on the maso n ry and t he soi l .  
(5 }  l nsens i t ivity to var ia t i ons i n  temperature. 
(6) Possi b i l i ty of reac t ion  in a l l  d i rect i ons . 
(7 )  S i m p l ici t y and safety.  A u toma tic reac t i o n .  
( 8 )  Reac t i o n  by mea ns o f  a s t a b i l iz i n g  c o u p le a n d  not  by external  forces. N o  
: "\ISTING "' -.SONAY �EINFOFICEO 
9 Y  RETICULA TED PA.\.1 
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1 FOR THE COLUMN R E I N F O R C E M E N T  
Figure 4.36 The Ca thedra!, Agrigc n to, I taly. (Tor), consol idal ion works ( l3ouom) s�hcmc, i n  
plan, o f  the column underpinning. 
' J>AL I  RADICE' AND ' RETICULATED PALi RADICE' 1 4 1  
i n c reasc i n  thc l oad o n  t he s u bsoi l o r  lhe tower : b u t ,  o n  thc contrary,  a n  
i m meel i a le dccrease. 
4.9 Specia l case histories 
S o m e  fu rther  case h i stories.  descri bed below, m a y  i l l us trale be l le r  l he 
adaptabi l i ty or thc p a l i  rad ice syslcms.  
4.9 . 1 Adding 111:' 1 1 ' sroreys to an cxisring huilding in Naples 
As shown i n  F i g u re 4 .35 ,  t he e x i s t i n g  b u i ld i ng was o r i g i n a l l y  bu i l t  with  o n l y  
three s t oreys, besidcs t he b a se me n t  floor.  l t  was necessa ry t o  i ncrease t he 
he ight  of t h c  b u i l d i n g by live add i t i o n a l  s t oreys ; b u t  t he cx ist ing o flices had t o  
b e  k ep t i n  opera t ion  t h roughou t thc  work.  
The problcm was solveel by construct ing ro u n d a t i o n  bca ms s u p ported by 
p a l i  rad ice i n  the baseme n t  Jloor,  adjace n t  to,  but neat l y  sepa ra ted fro m ,  t he 
exist i n g  f'o u nd a t i o n s .  S teel  c o l u m n s  were t hen erected , s tar t i n g  from these 
bea ms a n d r�t ss i n g  through thc exis t i n g floors up to the roof. T h i s  work was 
q u ic k l y  carr ied o u t  in the e vc n i ngs a fter o l1icc h o u rs .  T hc wo r k i n g  s i te for t he 
construc t i o n  of l he fivc ad d i  t i  on a I sto reys i n  stee l frames was l hen i n sta l l eu o n  
t h e  r o o f  of  t h e  o l d  b u i l d i n g ,  w i th o u t  h a m pcri n g  t h e  act i v i t ies o f  t he olliccs 
b e l o w .  O ncc t he const r u c t i o n  of  the li ve adcl i t ional s toreys had been 
completed,  it  was poss i b le t o  tra n s fer  t he o flices to t he new flo o rs ancl then 
demo! ish t he olcl structu res ,  i ncorp o ra t i  ng  t he rel a t i ve floors as part of t he new 
s t r u c t u re. 
4.9 .2  Thc consolida r ion oj (1 1 /  oh! monumen t in Sici!y ,  in a /andslide zone 
Thc ancicn t Cathed r:t l of Agrigen to  is fou nded on a soft I i mestone Iayer of 
vary i n g  t h ick ness , res t i ng  on a c l a y  form:t l i o n .  The I i mestonc was fra c t u red i n  
a l l  d i rect i o n s  a nel a la rge crack had appea red i n  recen t years a lo n g  t he ent ire 
lcnglh o l' thc ll oor o f t hc l c rt a is lc .  and a l so o u t siele t he churc h .  The clay, be ing 
subject t o  :low plust ic dcJonna t i on i n  t hc a rea of c o n t ·1c1 wi t h  I i rncslOnc, and 
c.�posed l ll a ma rkcd 1:\ nds l idc movement  ou tsidc t he mo n u me n t ,  tcn dcd t o  
s l idc d o w n .  lc;t v i n g  t hc u p  per I i mcstonc �d most suspcnded i n  u ca n t i lever s t a te : 
hcncc t hc Ia rgc crack and t hc di ll'cn: n t  i : t l  $c t t icment or thc va rious parts of 1 he 
churc h .  
Owing to t hc ex treme d e l icacy or the s i t u a t i o n ,  t he w ork w a s  d i v ided i n t o  
two con t racts scpa rateel by some years (Figures 4 .36 a n d  4 .37) .  
4.9.2. i Pret-•ention o/ landslide. The firsl p hase o f  t he w o r k  h ad t h e  a i m  o f  
s topping ! he l a n d s l i d e  moveme n t .  T h e  nove l t y  o f t h i s  fi r s t  p a r t  o f t he w o r k  l i es 
in the  ract t ha t  t h e  ret a i n i n g  s tructure ( rct icu la ted pa l i  rad icc) was executcd 
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Figure 4.37 T h e  Cat hed rJ I ,  A grigento.  Consol idat ion w o r k s  ( Top) t h c  ent  r a  nee : (honom) zone 
o r  i n tcrven t i o n ,  in plan.  
from a prcviously strengthened u nderground cha m bcr. These rei n foreed 
s tructu res became, t herefore, t he capping bcam o f thc system. Thc u nclcrlying 
rc ticula ted pal i  rad ice structure behaves l ike a reta i n i ng wa/ I ,  thc wcight or 
which is  suppl i ed by the soi l and t he ovcrly ing masonry, whi le thc res ist ing 
frame is  formeel by the pal i  radice, fou nded i n  the deep c lay wel !  bcyond the 
unstable area.  This ret iculated pal i  radice wal !  a lso serves as underp i n n i n g  for 
the external columns of the left a is le.  A lso inc luded i n  t h is first p hase of the 
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1vo rk were t he s t i tch i n g_ and s trengthen i n g  of the l a rge l'rac tu rc i n  thc c h u rc h 
l loor, by means o f ccme n t i t ious prcssu re gro u t i ng. 
4 9 . :'. . 2  Underpinning of 1he een/ral nave. A fter some years d u r ing wh ich t h c  
Cat hed ra! w a s  kept  u nder observa t i o n ,  thc  c ffec t i vencss o f  the rcta i n i ng w a l !  
was c o n firmed. so t he second p h ase o î the w o r k ,  i n  volv i n g  the u nd e rp i n n i n g  o f  
t hc central  n ave, w a s  carr ied o u t. Figurcs 4 . 3 6  and 4 . 3 7  s how thc d e t a i l s  o î t h i s  
u nd e r p i n n i ng.  The c harac ter ist ic  byout  of thc  pi  l e s  i n  doppia riga/a ( d o u b l e  
h e l ica l rows) m u s t  be men t i o n e d .  This  arrangement  is normal ly  adopted 
for pal i rad ice in thc u n d e rp i n n i ng o f  towcrs a nd s lender s t ructures ha v ing 
l i m i ted cross-sec t ions  (sec t he case of  Pan orama Tower in  Tokyo,  scc t i o n  
4. 6 . 4 . )  To i mprave t h e  con neet i o n  between the re i n l'orc i n g  structures t hc p i  les 
wcre l i nked be low t he fl oor l eve l ,  by horizo n t a l  rej n forced concrete bcams. I t  
was a n  esse n t i a l fea ture o f  t hese works t h a t  t hey a l l owed complete r ro tcc t i o n  
o f  t h c  e n vironment ,  as wel l as o f  the c h urch a nd t h c  s l ope on w h i c h  i t  i s  b u i l t .  
4.9.3 Tlu: underpinning of an  ofd hridge in Spa in 
I n  the late s i x t ies , t hc Tcruel b ridge ( Figure 4. 38) ,  s u bjcctcd over a long rcr iod 
to fou nd a ti o n  set t ieme n t  and to some s low J a n d s l i d e  phcnomena, s uddcnly 
bccame a n  cmergency that  dema nded p rom p t  remed i a l  mca s u rcs.  The 
u nd e r p i n  n ing by means of p a l  i rad icc has provcd ve ry s u  i ta b ic  for t he grad u a l  
i m praveme n t  of t h e  stabi l i ty of t hc abu tments .  A t  t he sa  me t i me ,  t he elense 
Fïuure 4,VI Ten1el . Snain .  The old bridge. 
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M i la n .  l ta ly .  Conso l i d a t i o n  of'  a n  old b u i ld i n g  close L o  t hc subw;;y cut t ing lo be 
complex o f' p i les rcq u i rcel f'or t hc u nd crp i n n i ng formeel a re t ic u l a ted struc t u rc 
wel !  roo tcel i n  t he s o i l .  The schcme adopted.  t herefore, sat i sfies  at the same 
t i me thc cx igcncics of  bath u nderp i n n i ng a nd Jands l ide  preve n t i o n  . .  
4.9.4 A no!her case of wulerpinning mul R R P  relain ing H'a/1-
lhe Milan Undergrowul 
The construct i o n  o f' a c u t t i ng so close to an e x t s t 1 11g,  and very i m portan t ,  
h istorica!  b u i l d i n g  raiscd concern a b o u t  t hc s tabi l i ty o f' t he ed i fice. I t  was 
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Figure 4.40 S ta b i l iza tion and partia l straighte n i n g  of a b u i l d i n g  in S o u t h  l ta l y  s u bject lo 
d i !Terent ial se ttiement during i ts  construct ion.  
feared that the d iggi ng of the cu t t i ng, a l lhough carricd ou l with much care, 
might produce relaxa t ion of the subsoi l ,  with d angerous conseq uences for lhe 
overa l l  stab i l i ty  of t he bu i ld ing. The cd i fice was a lrcady i n  a precarious 
condi t ion ,  and therefore not i n  a pos i t ion  to wi thstand eve n a m in imal  
a l lerat ion of equ i lbri u m .  This cond i t ion necessi tatcd a precaut ionary rei n ­
forci ng of  the foundations ,  and thei r  proteet ion against poss ible rclaxat ion 
caused by t he excavat ion works.  To these ends,  the fou nda tion  masonry was 
l ocked i n to a reticu la ted pal i  rad ice structure ,  execu ted through the masonry 
and extended to wel! beneath the lower excavati on leve l .  J n  this way, the 
re ticu la ted structure p�rforms the twi n  fu nctions of u nderp inn ing  the ed ificc 
(to g ive it a stabie new fou ndat ion) ,  and acti ng  as a gra vily rcla i n i ng wal! .  
4. 9.5 Stabilization and partia/ straightening of /eaning edifices 
by means of pa/i radice 
There have been several cases i n  which lhc  usc of pal i  rad ice i n  lwo phascs 
proved to be successful ,  flrst straighten ing and thcn slah i l iz ing bu i ld ings 
lean ing in conseq uence of d i flerent ia l  sett ie men t. Th is is lhc case i l l u s lra lcd i n  
Figures 4.40-4.42 where the foundat ion s tructure of a h ugc bu i ld ing i n  South 
l taly i s  i l lustrated. A minor bu i ld ing  is  located adjacen t to tbc mai n 
construction. 
The soi l ,  of very poor strength,  was not su i tablc for the bu i ld i ng, which 
started to settie d ur ing i ts construct ion,  and whcn approaching the fifth fioor 
reached the ra te of about 20 mm per week on the north s ide, a nel a smal ler 
amount  o n  the south s ide. Consequently there was a marked p rogressive 
i nclina t ion  towards t he north end.  Fortunately the upper structure was 
Figure 4.41  
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Plan o f  thc fo u ndat ion of' t he bui lding o f  Figure 4.40, slrengthcned w i  t h  pali radicc. 
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N o r t h  end_ 
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Fîgure 4.42 The leaning bui ld ing of Figures 4.40-4_4 1 . The set t lemcnL 
Fîgure 4.43 Santos. Brazi l .  Lcaning bu i ld ings. 
formed by a s turd y  RC frame, w h i c h  supported the ser ious  d eforma t i on o f the 
fou ndat ion level w i thout any da mage . 
The con tract, which had to be carried o u t  q u ick ly,  was d iv idccl i n to two 
p hases. 
(i) In the first provis iona l  phasc, the north end only was u ndcrpin ncd with 
some 30 pal i r�d ice. This first phase was s u ffic icnt  to stop th is  end movi ng. 
I n  the meant ime the south end con t i n ued i ts s low sctt lcment,  with 
conseq uent  part ia l  straighten ing  o f  the bu i ld i ng .  
( i  i )  After a period of s ix months the u nderpin ning  was resu med at  both ends 
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Fîgure 4.44 York , U K .  Bootham Bar - t he underpinning. 
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L A Y O U T  OF P I E RS A N D  ROOT P I L ES 
CROSS S E C T I O N  SHOW I N G  P I E R  
A N D  ROOT P I L ES 
' ' ·  
Figure 4.45 Bridge on the Rivcr A rdas, Greece. Ca isson roundat ions i n  d i lficu lt soi l  
strcngthened with pal i  radice. 
( i nc lud ing  add i t iona l  p i lcs a t  thc north end to rcp lace thc 30 fi rst - p h asc 
p i lcs. w h ich  were no Jonger cons idcred re l ia b lc )  a nd ca rried o u t  towa rds 
the cen tre of  the bui ld i ng. 
A s im i lar job was carried ou t  i n  Santos ( B razil)  where. on accoun t  of t he 
poor-quali ty s u bsoi l  some ta l l  b u i ld i ngs were subject,  a rter construct ion ,  to 
d ifferential settiement (Figure 4.43).  
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4.9.6 A case oj)inmdation se/1/ement o ll"ing to tra(fic -­
Bootham Bar ,  York. U. K. 
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This is an  anc ient  monument  o l' great h i s torica ] importance. l t  i s  one of  the 
fou r  old ga teways to t he c i ty o f York .  which was founded by t he Romans.  I t  
was bu i l t  by t he Normans i n  the l a te N orman style i n  the  twe l fl h  century,  o n  
the fou nda t ions  of the.old Roman gate. The subsoi l  consists ofsi l ty sands. The 
work was necessary owing to serious fou ndat ion sett lement,  caused by 
vibrat ions ind uced by t raffic and var iat ions i n  the water tab le .  The 
u nderp i nn i ng  was carried out by 1 1 4 m m  nomina !  d iameter pal i  rad ice ha v ing  
a work ing load which ,  owing to t he de l icacy of  the  s i tuat ion ,  was l i m i ted to 
only 1 0  tonnes,  even though the test loads gave resu l ts above 50 tonnes 
wi thout  fa i l u re. 
4.9 . 7 ln tcgra tion of an inadequate foundation in difficult soil-
thc bridge on the River Ardas ( Grcecc) 
Th i s  is a very l ong bridge of I 0 spans .  I n  t he or ig inal  project each p ier was 
i n tcndcd to  be supportcd by a pa i r of RC caissons (4.50 m d iameter) .  B u t, on 
accoun t  of a very cl i nicu i t  layer of weat hered rock and bou lders, t he ca issons 
could nol  be s u nk to t he fixcel depth .  The foundat ion was t hcn  compiered by a 
nctwork of pa l i  rad ice, d ri l l ed t hrough the caissons and extend ing i n  t he 
subsoi l l i ke the ' roots '  of a tree. 
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aspects and model tests 
SUMMA R Y  • A ltlrough the behaviour of "reciculated root piles " structures hos been checked and interpreled in several actual constructions. 
further in vestigutions oj the "group " effect of tlre pi/es in sucJr structures is desirable. 
As the lreterogeneity of "natura/" s.oils and tlre irregularity of "actual" pi/es are substantial obstac/es to the investigation of the basic behavio· 
ur of rlr e structure. rlre te.Hs described in the·papcr were perfomred using "homogeneous " soils and calibrated "model "  pi/es. 
At any rate for a  correct design of a "reticulated" serocrure some full-scale tests are necessary. These tests are suggested in the condusion of 
tlre paper, where tlre essenr ial lines for the design are indicared. 
· 
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Le s " R é s eaux de P i e ux  Racine " s on t  d é s orma i s  
largement u t il i s é s  e n  g é o t e chnique p our d on­
ner une s alut i on aux probl èrne s s t a t i que s pa! 
t i culi èr ement d é l i c a t s  ( 1 ) ,  
Leur but c ons i s t e  à u t i l i s e r  l e  t e rrain en 
pl ac e et en amél i or e r  le c amportement en y 
ins érant un ens embl e ré s i s tant t r i d imens i e­
nel ( r é s e au )  formé d e  p i e ux  d e  pe t i t  d i amè­
tre ( pi e ux rac ine ) ori e nt é s  dans plus i e ur s  
d ir e c t i ons en f onc t i on d e  l a  nat ur e  d u  t er­
rai n  et du probl ème s ta t i que à r é s oudr e , 
( 1 )  Le s " r é s e aux d e  p i e ux  racïne " ( " R e t i c ol i  
d i  pali rad i c e "  en i t al i en - " R e t i cul a­
t e d  r o o t  p i l e s "  en angl ai s ) c ons t i tuent 
une appl i ca t i on par t i cul i ère du " p i eu 
racine " b i e n  c onnu e t  qui c ons t i tua il 
y a 30 ans env i r on ,  le prem i e r  exemp l e  
d e  m i cropi e u .  
Le " p i e u  r e. c i ne " , a ins i que s e s  suc c e s­
s ivee appl i c at i ons , parmi l e s que l l e s  
l e s  " R é s e aux " , ont é t é  in trodui t s e t  br! 
v e t é s  par l a  f i rme FO ND ED I LE de Napl e s  
à laque l l e  appar t i ent , par c ons équent , 
l a  propr i é t é  intell e c tue l l e  d e s  divers 
proc é d é s  t e c hn i que s et t e c hnol ogique s . 
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En d ' au t r e s  t erme s ,  il s ' ag i t  de r é al i s � r  
" in s i tu" une s o r t e  d e  s truc tur� e n  " t e r r e  
arm é e "  s ans r e c our i r  à d e s  excava t i ons p r é a  
l abl e s  p our y i ns ér e r  c e t t �  s truc ture , 
-
Une s truc ture ains i r é al i s é e  devra par c on­
s é quent d onn e r  au t errain n a t ur e l  non c ons o 
l i d é  non s e ul ement une plus grand e  r é s i s t a� 
c e  à la c a mp r e e s i o n  mai s  e n c o r e  une r é s i s -
­
tanc e à la trac t i on e t  à l ' e ffor t t r �� chan t 
adap t � s  au p r obl ème s p é c i f i que e t  c e l a  � ue l 
que s o i t  l e  type de t e rrain, même for t e m e n t  
h é t é rogène , 
Al ors que l e s  p r e m i è r e s appl i c a t i ons fur e n t  
fond é e s  e s s e nt i e ll ement s ur l ' intui t i on , l e s  
appl i c a t i on� suivan t e s  on t b e auc oup t i r é  
par t i e  d e s  e xp é r i e nc e s  r e cue i l l i e s  au fur 
e t  à m e s ure e t  c e la dans d e s  t e rrains f o r t  
d i f f � re n t s  e t  p ot� d e s  pr obl èrne s l e s  plus 
d iv e r s , T ou t e f o i s  l ' exi�e n c e  de d é f i n i r  d ' u  
ne mani è r e  a d é q ua t e  e t  uni forme n o n  � � ul e -
­
m e n t  l e s  c r i t è r e s  de c al c ul s ur l e s que l s  
fond e r  l a  r é al i s a t i on d ' un " R é s e au" ma i s  
e nc or e  p ouvo i r  d é t e rm i n e r  l e  c oe ffi c i e n t  
d e  s é cur i t é , m ê m e  a p p r o x i ma t i f ,  d e  l a s t ruc 
t ur e , s ' e s t mani fe s t é  d e pu i s l ongt e mp s , 
-
i' ' I 
I 
A c e  suj e t  il faut bien pr é c i ser que l e s  au 
t e urs de la pr é s ente n o t e  n ' ont ni l ' inten: 
t i on ni la pré tent i on de parvenir à formu­
l er une thé ori e qui c onduirai t à d e s  formu­
l e s  d ' usage plus ou moins c ourant . 
Mi s à part le s c e p t i c i sme p artagé p� b e au­
c oup ( 2 )  dans l e  d omaine d e s  fondat i ons sur 
p i e ux ,  au suj e t  de l ' ut i l i t é  e ff e c t ive de 
formul e s  fond é e s  e e ul ement , par for c e  d e s  
c h o s e s ,  sur d e s  t e rrai ns e t  d e s  s i tua t i ons 
i d é al e s  et sur d e s  p aram è t r e s  peut- � t r e  in­
trin s è ques au t errain mai s  pr obabl ement é­
trangers au phénomène c ompl exe relat i f  aux 
int erac t i ons entre la s truc ture ( pi e ux )  e t  
l e  t errain , i l  c onvient d e  s oul i gnar que l e  
champ d ' appl i cati on d e s  " R é s e aux " e s t  e t  de 
roeur e  surt out c elui des t e rrains h é t érogè-­
n e s  p our l e s que l s  t ou t e  r e c h erche analy t i ­
que sur l e  terrain e s t  probabl ement s an s  
rapport ave c  la r é al i t é  e t  p eur c el a  pre s que 
i nu t il e . 
P ar c ons équent , l ' é tude l i é e  aux exigenc e s  
ayant trai t aux appl i cat i ons d e s  " r é s e aux "  
a é t é  e t  r e s t e  tauj ours c ondui t e  en ut i l i ­
s ant d e s  cri t èr e s  e s s en t i e l l ement exp é r im e� 
t aux s e l on l e s  dire c t i ons suivan t e s  
A )  Re cueil syst éma t i que d e s  donné e s  s ur  l e  
c omport ement , t e l l e s  qu ' e l l e s  app arais­
s ent à travers l e s  travaux e x é cu t é s  au 
fur e t  à m e s ur e . 
B)  E s sais sur d e s  m o d èl e s  de s t i n é s  à appro­
f ondir la c onnai s s anc e  du c amp or t e m en t  
qual i ta t i f  d ' un  " R é s e au" a f i n  de f ournir 
d e s  cri t èr e s  p our crienter l e  prem i er di 
men s i onn ement . 
C )  E s aa i s  " in s i tu "  en vrai e grandeur sur 
d e s  él éments de " R é s e au" p our r e cue i l l i r  
l e s  donné e s  indi spensabl e s  à l a  f ormula­
t i on c oncr è t e  du pro j e t  d éfini t i f .  
C on s i d érant l e s  l im i t e s  é tr o i t e s  dans l e s­
que l l e s  la pr é s en t e  n o t e  d o i t  � tr e  c ont enu� 
l ' e xp o s é  gravi t era e s s e nt i e l l ement aut eur 
d e s  e s aais indiqués au paragraphe ( B )  m en­
t i onné c i- d e s sus . C e l a  p e rm e t tra de m i e ux 
é c l ai r o ir c e  qu ' e s t  e t  à quoi e e r t  un " r é­
s e au" . 
( 2 )  Lire par ex empl e ,  H .  C am b e f ort . 
Introdue t i on à l a  G é o t e chnique 1 97 1 . 
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1 . - REC UEIL DES DONNEES RELA T IVES AUX TRA­
VAUX EXECUTES . 
C e  recueil c ons t i tue l e  patrimoine f ondamen 
t al d e s  c onnai s s an c e s  et le p o int de départ 
p our l e s  appl i cati ons ul t é r i e ur e s . 
L ' emp l oi d ' ins truments de m e s ur e s  insér� 
dans l e  c orps de la s truc ture ( t e rrain e t  
p i e ux )  p our. d é t erminer l e s  dé forma t i ons su­
p e r fi c i e l l e s  p e rm e t  de c ontröler dans l e  
t emps l e  r égime d e s  e fforts qui s ' é t abl i t  
dans l e  c orps m�me s p é c i al ement dans l e s  
cas qui s ont par t i cul i èrement d é l i cat s . 
La c omparai s on d e s  r é sul tats o b t e nus à par­
t i r  de nombr eus e s  s t ruc tur e s  e ffe c t ivement 
e xé cut é s , ave c l e s  hyp o th è s e s  du c omporte­
ment c omme prévue s dans l e  pr o j e t ,  f ourn i t  
d e s  donné e s  pré c i eus e s  d ' ori enta t i on .  
Par t i cul i èrement int é r e s s ant e s , p our l a  c om 
préhens i on intime d e s  m o d e s  de fonc t i onne-­
m ent , de l a  s tructur e , s e  s ont r évél é s  t ou­
t e s  l e s  donn é e s  recue i ll i e s  à l ' o c c as i on 
d ' une s ér i e  d ' ouvrage s e x é cut é s  e t  ayant un 
c arac t èr e  exclus ivement préven t i f  e t  par 
c ons é quent dot é s  de c o e ffi c i e nts de s é curi­
t é  extr�mement r é dui t s  d e s tinés à ê t r e  d é p a� 
s é s  d�ïs l e  t emp s . 
2 . - ESSAIS SUR MODELE . 
Peur s i mul e r  l e  c amportement de l a  s truc tu­
re " r é s eau" . e t  p eur en anal yser l e  c ompor t e  
ment s o i t  gl obal s o i t  dans chacun d e s  é l é-
­
ment s  qui l e  c ompos ent , divers e s sa i s  s en t  
p o s s ibl e s . Nombre d ' entre eux o n t  t au j ours 
d ' a i l l eurs a c c ompagné le dimen s i onnement 
des " r é s e aux de p i eux rac i ne " . 
S ent illustr é s , e i -apr è s , l e s  r é sul t at s d e  
que l ques e s sai s typique s sur m o d è l e  dont l e  
premi e r  but e s t  c el ui d e  c onfirmer l e s  hyp o 
t h è s e s de bas e au suj e t  du fene t i ennement 
d ' un " r é s e au" c ' e s t-à-dire la p o s s ibil i t é 
de r é al i s e r  une s or t e  de " t erre armé e i n  s i  
tu" . 
Il s ' ag i t  p ar c ons équent , de recherch e s  e x­
p érimental e s fondamental e s  e s s enti e l l ement 
qual i tative s . Ell e s  peuvent de t oute faç on 
ê tre uti l i s é e s  avantageus ement p our la pre 
m i ère or i ent ati on du pro j e t  ; ét an t é t e ndu 
c omme i l  a é t é  d i t  plus haut que l e  pro j e t  
n e  p e u t  ê tre c orr e c t ement p or t é  à s a  fin 
qu ' à  travers l ' expérience et la s e ns i b i l i t é 
de s on auteur e t  c e l a  ave c  l ' aide d ' e s s a i s  
" in situ" spéc ial ement ex écut é s  à e e t  e ffe t .  
Pour les  e ssais sur modèle on a ut il i s é  du 
terrain homogène du point de vue granul omé­
trique e t  de s pieux à é chelle rédui te dotés 
comme l e s  " p i eux rac ine " d ' une surface laté 
ral e très rugueus e . Cela pour évi ter  des in 
terpré tat ions erroné e s  due s à l ' hé t érogénéi 
t é  dU terrain OU à l ' irrégul ari t é  de la Sllr 
face du pi e u .  
Les différents e s sais ont eu pour but l ' é tu 
de des asp e c t s  suivants du probl ème : 
a ) Action mutuelle pieu-terrain ( e ffe t de 
groupe ) . 
Pour dét erminer l e  c ernportement probable 
d ' ens emble pieu-t errain il  e s t  néce ssaire 
de vérifier si et jusqu ' à  quelle dis tanc e 
des pi eux i ns érés  dans le sol peuvent s ' in 
fluencer e ntr e eux . 
Pour déterminer c e t t e  donné e ,  l e s  r e cher­
ches thé orique s s ' y prètent mal parce qu ' el­
les s ont affe c t é e s  par trop d ' hypo thèses  e t  
par trop d ' appr oximations . 
Une c ontribut i on à la c ompréhensi on de ce  
qui a été é crit plus haut e s t  donnée par les 
essais illustrés e i-après . 
Les pieux à é chelle rédui te � 1 0  mm ,  ont é t é  
r é al i s é s  en ut ilisant des barres d ' ac i er � 
8 mm .  enduite ave c un mortier de sable e t  
r ésine dans l e  but d ' en rendre l a  surface 
K " Efficiency"- CIIJrge portJntc du gruope 
- ChJrge portante du pieu isolè 
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ru&Ueus e , 
C omm e t e rrain d ' e s sai du s abl e incoh érent a 
é t é  uti l i s é ,  
Qua tre s ér i e s  d ' e s sa i s  ont é t é  e x é cu t é s , c a  
rac t é ri s é e s , chacune , par l a  l ongueur d e s  
pieux 50 , 1 00 ,  1 5 0 e t  2 0 0  d i amètre s , 
Ch aque s ér i e  é t ai t c ons t i  t u é e  par 7 ero ,.lpe s 
d e  3 pi eux chacun , di spos és à i n t e rvall e s  
cro i s s ants d e  2 à 7 d i am è tr e s , plus 11n pi eu 
i s o l é . 
Le s ré sul tats des  e ssai s , p ouss é s j usqu ' à  la 
rup ture , s ont r é s um é s  dans les d i ae-ramm e s  de 
la fig , 1  en fonc t i on des i n t erval l e s  et de 
l ' " e ffi c i e n cy " , Ce dernier t e rm e  u t i l i a é  
aux U , S , A ,  désigne l a  charge p or tan t e  d ' un 
pieu  e n  groupe par · rappo r t  à c el l e  d ' m1  
pieu  s imil ai re i s o l é  pris p our uni t é  d e  me­
sure , c ' e st-à-dire " l ' e ffet  de group e " ,  
Le s ré sul tats me t t ent évi dence  que pour d e s  
intervalles  c ampris entre 2 à 7 d i run è tres l e 
" groupe " mani f e s t e  une charge portante n e t t e  
rnent supéri eure à c e l l e  qu ' aurai t les p i e ux­
s i  c eux-c i  é taient indépendants les  uns des 
autres . 
Le s r é sultats sont valabl e s ,  de t oute évid� 
c e , p our la situat i on spé c i fique du terrairï 
e t  des  pieux empl oy és dans l e s  �ssai s . 
Néanmoins des e ssai s e ffec tués sur des e:ro� 
pes  de " pi eux rac ine " en vraie grandeur ont 
Terr•in : SolJie tamisè 
• • 
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S - ·- -(D n. 3 pieux verticaux 
® n . l 8  picux ver l icaux 
0 n . 1 8  pieux en "réseau" 
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CHARGES L I M ITE 
a) pieux isolé P = 2 •4 0  :0,80 K N 
3 
b) n . l 8  pieux vertica u x  P' : 2 4 , 2 0  KN 
c) n . l 8  pieux en "résea u "  P"= 3 2 , 00 KN 
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clai r ement c onfirmé que l ' influenc e mutuelle 
entre l e s  p i e ux s e  mani f e s t e  p our d e s  int er­
vall e s  entre pi eux largement sup ér i e urs aux 
tro i s  d i am è tr e s  c onventi onne l s .  
L ' exp l i c a t i on l ogi que de " l ' e ff e t  de group e "  
d o i t  � t r e  re cherch é e  dans l e  fai t que dans 
l e  groupe , la r é s i s tanc e à la charge n ' e s t  
pas é gal e à la s omme d e s  charge s  portant e s  
d e s  p i eux i s o l é s  p r i s  s ép ar ément . C e t t e  c ap� 
c i t é  p ortante e s t  d onn é e  p ar l ' ens embl e du 
noyau de t e rrain e n s erré par l e s  p i eux .  
C e  noyau s ' appui t par c ons é quent , c omme un 
t out uni que , sur l e  t errain dans l e quel il 
e s t  immerg é . 
Il faut t enir c omp t e  enfi n ,  que l e s  e s s a i s  
d é cri t s  maint enant ont é t é  exécut é s  sur d e s  
group e s  d ' éléments verti caux . P o ur  d e s  él é­
m ent s incl iné s l e s  uns par rappor t  aux au­
t r e s  i l  a é t é  d é j à  é tabl i ( J ) que l ' " e ffici, 
e ncy" e s t  ene ar e supér i e ur e . En e ffe t , ave c  
l ' e x é cut i on d e s  e s s ai s  sur d e s  groupe s  d e  
p i eux , s ch émat i quement illus t r é s  à l a  fig . 4  
l e s  d iagramm e s  r e p r é s ent é s  à la fig . J  ont 
é t é  obt enus . C e ux- c i  r évèl ent en forme c amp� 
rative l e s  " e ff e t s  d e  group e " . 
( J ) F . Li z z i  ( 1 978)  " Re t i cula t e d  roo t p il e s "  
t o  c orr e c t  lands l i de s . ASCE Annual C on­
v e nt i on - Ch i c ago - U . S . A .  
ESSAI N . J  
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b ) D i s tribu t i on d e s  e ff or t s  entre e t  
t e rrain (c o e ffi c i ent 
dans un " r é s eau" . 
La m i s e  en évi denc e quant i tat ive de la d i s­
tanee maximal e à laquelle p ourraient ê tre di 
p o s é s  les p i e ux dans l e  but d e  c ons t i tuer 
une struc ture à " r é s eau" ne p eut r é s oudre 
qu ' un s eul des diff érents probl èrne s l ié s  à 
l ' é tude du pro j e t . 
En e ff e t  s e  p o s e  imm édiat ement l e  pr obl ème 
de savoir " c ombien" vaut par rapport au t e r  
rain chaque p i e u ,  c ' e s t-à-dire quel l e  e s t ­
la part d e  l a  charge abs orb é e  par l e  p i e u  
e t  quelle e s t  la part r é s i duelle pri s e  e n  
charge par l e  t e �rain . 
En d ' autr e s  t erme s il faut cherche r , c omme 
dans l e  b é t on armé , de me ttre e n  évi d enc e 
l e  " c o e ffi c i e nt d ' ampl i fi cati on " p i eu-t e rrain 
sur l e quel i l  est p o s s i bl e  c omp t er . 
Dans l e  but d ' évaluer qual i tativement l e c om 
p ort ement p i eu-terrain de c e  p oint de vue , 
l e s  e s s ai s  s ur rnodèle d é c r i t s  e i-apr è s  ( vor 
f i g . 4 ) d e ivent être c ons i d é r é s  : ave c c e s  
e s s ai s  l a  c omparais o n  a é t é  fait e  entre l e  
c omport ement , s ous charge vert i c al e ,  d ' une 
plaque appuy é e  dire c t ement sur le t errain 
et sur un groupe de 9 p i eux . 
Deux group e s  de p i e ux on é t é  exé cut é s  d ont 
la pro f andeur a été r e s p e c t ivement d e  50  e t  
1 00 diam ètre s e t  c omme t errain d ' e s sai , du 
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Pour c e s  e s sai s aus s i , l ' él ément de ré féren 
ce c on s i d éré a é t é  l e  c ernport ement s ous char 
ge de pieux i s o l é s  de 50 e t  1 00 diamètr es . -
Le s r é s ul tat s numérique s d e s  e s sai s s ant re 
pr é s e nt é s  fig . 5  
C H A R G E  EN Kg. 
Tassemen I 
Essai n . l  Essai n, 2 Essai n. 3 Essa i n. 4 Essai  n. 5 
0 5 1 . 040 4 7  1 6 2 0  l 3 8  2 . 3 50 
1 2 250 79 3 500 182 4 730 
1. 5 3 . 2 70 9 8  4 . 7 5 0  2 09 5 . 5 50 
2 3 . 9 4 0  104 5 . 1 6 0  2 1 9 5 . 9 3 0  
2 . 5 4 . 2 5 0  100 5 . 3 40 2 1 1 6 . 2 20 
3 4 . 400 - 5 . 4 7 0  - 6 . 400 
3 , 5 4 . 4 9 0  - 5 . 5 5 0 - 6 . 500 
4 4 . 5 10 - 5 . 5 9 0  - 6 . 5 60 
4 , 5 - - 5 . 5 9 0  - 6 . 5 80 
5 - - - - 6 . 5 80 
F I G. S .  DET E R M I NATION DES C O E F F I C I E N TS D'AMPLI F I CATION 
PI EUX/T E R R A I N  - R ES U L  TATS D ES ESS A I S  
A partir des val e urs obt enues l e s  di agramm re 
de la fig . 6  on é t é  r é dui t s . C e s  di agramme s  
représ entent l e s  charge s  en kg/cm 2 suppor­
t é e s  en fonc t i on d e s  t a s s ements : 
!4,00 ......... ... I ......... I I '-.... "":: I ... ' 12.00 
N I --- - --E - - -
par la plaque s ans p i e ux ,  
per l e s  deux pieux i s ol é s ,  
par l e s  deux gr oup e s  d e  pi e ux .  
De t oute évi denc e , l e s  p art i e s  d e s  di agram­
m e s  qui s ont intére s s ant e s  du p o i nt d e  vue 
pra ti que s ont c e ll e s  qui pré c è d e nt l e s  va­
l e urs maximal e s  e t  p our c e ll e s-c i , une c er­
taine prop or ti onnal i t é  entre ch arge s e t  tas 
s ements peut €tre c onstat é e  : ( 4 ) 
En c orre s p ondance d ' une d é f orma t i on que l c on 
que x l e s  val eurs uni t a i r e s  de l a  charge 
neuvent être ains i obtenue s : CJt , Cï  e t  • pp 
Cl r e s pe c t i evement p our l a  plaque sur l e  pg 
t e rrain , p our le p i eu i s ol é  et p our le p i eu 
en group e . 
Le rapp ort d ' ampl i f i c at i on p i eu- t errain de­
mand é ,  p our la val eur d e  la d é forma t i on x , 
vaut par c ons équent : 
- En rapp ort au p i e u  i s o l é  
m ' = 
( 4 ) Apr è s  l e s  val eurs maximal e s  l ' uni t é  de 
l ' ens embl e p i e ux- t e rrain c ommenc e à man 
quer . 
' 
- Pieu� en grou e L 1 0  cm. 
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a: Q. 
- En rapport au p i eu en gr oup e 
m "  = 
De t out e évi denc e l a  pr emi ère val e ur  e s t  
plus r é dui t e . 
Il e s t  opportun me t tr e  en évi denc e que l a  
val eur d u  c o e ffi c i e nt d ' ampl i f i c a t i on p i e u­
t errain dépend d'une ma:ü ère pr é p ondéren t e : 
- de l a  nature du t errain ; 
de l a  l ongueur d e s  p i e ux  
de l a  val e ur pré sum é e  de la format i on de 
la s tructure . 
Il e s t  ene ere évi d ent que , dans l e  cas d ' un 
" r é s e au" , l e  c o e ffi c i e nt d ' amp� i fi c a t i on 
pi eu- t e rrain ne p eut p as être égal au raP­
port entre l e s  r e l a t i f s  modul e s  d ' élas t i c i­
t é  d e s  matériaux , s auf dans l e  cas d e s  t er­
rains r o c h e ux  ou s emi-ro c heux d e  raideur é­
l evé e . 
Il faut remarquer en outre que l a  c o t angen­
t e  de l ' angl e formé p ar l ' axe d e s  abs c i s s e s  
e t  l a  tangente à l ' origine d e  chaque c ourbe 
a les d imens i ons d ' une " r é ac t i on du s o l  
( kg/cmJ ) "  e t  c omme t e l  p eut s ' int e rp r é t e r 
dans l e  cas ou l ' on voudrai t d é t e rminer s om 
mairemen t , dans un " r é s e au" , l e  r ap p o r t  
d ' ampl i f i cat i on c onnai s s an t  l e  c o e f fi c i ent 
moyen de r é ac t i on du s o l  et le rapport moy� 
charge/t a s s e ment du " p i eu rac ine " à empl oya­
dans l e  " r é s e au .  
3 . - ESSAIS I N  S ITU EN VRA IE GRANDEUR . 
Le but d e s  e s sa i s  " in s i tu" e s t  c e l ui de re 
cue i l l ir de s donn é e s  plus pr oban t e s  en rela 
t i on au · probl ème s p é c i f i que en examen dans­
l e  cas o u ,  de t e l l e s  donné e s  ne p e uvent p�s 
être trouv é e s  ou € tre m i s e s  en évi denc e sur 
la ba s e  d ' exp éri e nc e s  ant érieür e s . 
Les princ ipaux e s s ai s  " i n s i tu" à e x é cut er 
s ont : 
a )  Essai s de charge sur un ou plus i e ur s  
p i e ux  i s ol é s . 
b )  Essai s de charge sur un ou plus i e ur s  
group e s  d e  t r o i s  p i e ux  ou plus . 
c )  Essais de charge di r e c t s  s ur l e  t errain , 
à plus i eur s  profendeur au moyen de pla­
que s d ' e s s ai s . 
Au moyen d e s  r é sul tats rendus di s p oo i bl e s  
grä c e  aux e s sai s c i -d e s sus , i l  e s t  p o s s i bl e  
3 2 3  
d e  procéder à un dime ns i onnement plus s o i ­
gné de l a  s truc tur e r é t i culaire : la dens i­
té d e s  p ie ux e s t  dé fini e à partir d e s  e s s a i s  
b ) , tand i s  que l ' am pli f i c a t i o n  p i e u-t errain 
e � t  définie au moyen de s e s s a i s  a ) , b )  e t  c )  
Le p r o j e t  pas s e  al ors normal ement à travers 
la phase pr éliminair e du dimen s i onnement de 
premi ère approximat i on ave c  l aquel l e  s ent é 
t abl i s  provvi s oirem ent , outre l e  d i am è tre du 
" p i e u  racine " qu ' il faut adop t e r , l a  dens i t é  
d e s  p i eux dans l e  r é s e au e t  l e ur l ongueur . 
Dans c e t t e  phas e il e s t  aus s i  é tabl i c omme 
dans le B . A . la val e ur  maximal e admi s e  u our 
l a  charge un i t aire sur l e  t errain e t  au
.
be­
s oin , la val eur admi s s i bl e  d e  la d é format i on 
de l a  s truc ture . 
Ave c  l a  pha s e  suc c e s s ive , o.ui e � t  normale­
ment c elle r e l a t ive à l ' exé cuti on d ' e s sais 
appropri é s  " in s i tu" , s ont obt enus d e s  él é ­
ments ul t ér i eurs t e chni c o- é c onomi c ue s  né c e s  
saire s e n  c e  qui c onc erne l a  d e n sit é  de s -
p i e ux  e ff e c t ivement n é c e s sair e s  e t  l a  répar 
t i t i on d e s  e fforts entre pieux e t  t e rrain 
dans l e s  l imi t e s  fixé e s . 
C e s  é l ément s p e uvent ê tr e , p our fac i l i t e r  
l a  c onsul t at i on ,  de s diagramm e s  c omme illus 
trés à la fig . ó . 
Il e s t  important de s ouli goe r que l e s  char­
g e s  en j eu dans l e s  p i eux à. ' u.'r'l. " r é s eau" 
s ont a s s e z  mode s t e s  au p o int que l c �  e s sa i s  
" in s i tu "  menti onn é s  c i -de s s us n e  représ en­
t ent pas un c oût exc e s s i f  : il e s t  de l ' or­
dre de c e ux qui s ont relat i fs aux s ondages 
g é o t e chn i qu e s  normaux . 
En outre c omme d é j à  ment i onné ; i l  e s t  p o s sl 
ble d e  re c ourir dans de nombre ux cas , au ba 
gage de d onn é e s  d i s p ooibl e s  en u t i l i sant 
d e s  é l ément s proven�'r'l.t de r e ch er c h e s et & e s 
s a i s  exécut é s  dans d e s  t e rrains e t  d e s  s rt ua 
t i ons s imilaire s .  
CONC LUS IONS : 
C omme bri èvement illustré , l e  dimens i enoe­
m ent d ' un " r é s eau de pieux rac ine " p eut ê­
tre final i s é  en util i sant la m é t h odologie 
sugg é r é e  c i-de s sus , prenant à l a  bs.se de s 
c al c ul s  d e s  donn é e s  expérimental e s  obtenue s 
s p é c ial ement pour chaque probl ème . 
De grande ut il i t é e s t  le s y s t ème o.u ' on pour 
rai t  d énomm e r  d e s  " trois di agramrne s " , fon­
d é s  sur troi s di agramme s  charges-tass ements 
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F I G . 7 .  DETE R M I NAT I O N  EXPE R I M ENTALE DES C O E F F I C I ENTS D'AMPL I F I CATI ONS PI EU{TE R R A I N ,  SELON LE SYSTEME 
DES " T R O I S  O I AG RAM M ES" 
Il ·convi ent t enir c ompt e  c ependant que l e  
dimensi onnement d ' une s tructure à " r é s e au" 
e s t  un probl ème t r è s  d é l i cat qui impl i que 
t out e l ' e xp ér i e nc e  de l ' auteur du pro j e t .  
C e  dimens i onnement d o i t  être c onfi é par c on 
s équent à d e s  e xp e r t s  s p é c i fi ques dans ce -
domain e t  qui s avent tirer , à par t i r  d e s  e� 
sai s , l e s  val eurs de bas e  l e s  plus appro­
pri é e s . 
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Fonded i le-paa l  (wortel paa l )  
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J .  d e  Wit e n  Zonen , Betonpaa l  8 .  V .  - Sch iedam, N i euw · Mathenesse rstraat 28,  
te l .  0 1 0-2648 1 1 .  
B. Vervaardig ing 
1 .  Een sta len bu is,  aan de onderkant voorz ien van een getande boorkop, wordt de grond 
i ngeboord. De buis bestaat u i t  e lementen van 0,50 - 1 , 00 m,  d ie  door m idde l  van 
sch roefverbi nd i ng gekoppeld worden . Eventuee l  kan,  met speciale boorkop pen ,  door 
bestaande gewa pende betonvloeren worden ge boord. 
2. Tijdens het  op  d i epte brengen wordt, o m  te voorkomen dat de grond in  de boorbu i s  
komt,  deze onder waterdruk geh ouden.  Het  weggeperste mengse l van grond en water 
komt langs  de bu i tenkant  van de boorbu i s  naar  de opperv l a k te. 
3. Nadat  de bu is  op de gewenste die pte is gebracht, wordt ee n eventuele wapen ing  aange­
b racht .  Met beh u l p  van een grout-morte l pomp,  waa rvan de s lang onder i n  de paa l 
wordt gebrach t ,  wordt deze onder druk  gevu l d  met betonmorte l .  
4. Tijdens het trekken van de boorbu i zen wordt de morte l i n  de buis 1 n  eta ppes met 
l uchtdruk onde r de bu i s  u i tgeperst. 
5. De paal is gereed. 
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C. I nbreng i nsta l l at ie  
1 .  Een ongetu i de ste l l i n g  i s  i n  gebru i k ,  met de volgende afmetingen I x b x h = 2,0 x 1 ,0 x 
1 ,6 m .  
2 .  Het totaa lgewicht i s  1 , 5 M N ,  waarvan h e t  zwaarste onderdeel t i jdens het transpo rt over 
de weg 1 MN bedraagt. 
3. De m i n i male  be nodigde werkru i mte is  ci rca 2,0 x 1 ,0 x 1 ,6 m.  
4 .  De ste l l i n g  i s  verplaatsbaar met beh u l p  van sta len  s leeë n ,  de ma x i maal  begaan ba re 
h e l l i n g  is 1 : 1 .  
5 .  De aan- en afvoe r va n de i nsta l lat ie geschiedt door middel  va n tra i l e rs en zware vracht­
wagens.  
6. De monta ge- en demonta getijd bed raagt 1 dag met h u l pmate rieeL 
7.  De afwij k i n gen ten gevolge  van het  verl open van de boor z i j n  pra ktisch n i h i l .  
8 .  D e  boor wordt ge le id  a a n  d e  onderzijde door een p laat, wa ari n e e n  gat i s  gemaa kt. Deze 
p laat  is  aan de i nsta l l at ie  verbonde n ;  aan de bove n zi jde wordt de  buis  ge le id  door het 
a a n drijfmechanisme van de boorbuis .  
D. Karakteristieke e igenschappen 
1 .  De besch i kbare afmeti n ge n  e n  oppervl a k ken z ij n :  
bu isdiameter i n  mm 90 1 00 1 1 0 1 30 
doorsnede in m2 0,0064 0,0079 0,0095 0,01 33 
1 50 1 7 0  220 
0,0 1 7 7  0,0227 0,0380 
De oppervlakte verhou d i n g  tussen schachtdia meter en paa l puntdiameter is  1 : 1 .  
2 .  Paa l l e ngten z i j n moge l ij k  va n m i n i maa l  2,00 m tot theoretisch on beperkte l engte. 
300 
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3. De palen k unnen ongewa pend ,  gedee l te l i jk  gewa pe nd of geheel  gewapend z i j n .  Ook na­
gespannen palen z i jn  moge l i j k  (groutankers ) .  
D e  wape n i n gskorven worden gewoo n l i j k  samengeste l d  u i t  5 l a n gsstaven m i n i maal  qy 1 0  
met een spi raa l  va n qy 6.  B i j nagespa n nen palen 1 dywidagstaaf .  
Er  z i jn  geen afstandhoude rs n od ig .  De m i n i ma le  beton dekk ing  is  gel i jk  aan de wan dd i k­
te van de boorbuis. 
4 .  De over lengte ten behoeve van het afhakken bed raagt ci rca 0 ,40 m .  
5. Het is  n iet moge l i j k  wri jv in gsvermi nderende middelen toe te passen .  
2 0 2  
Fondedile-paa/ (worte!paa!) 
E .  Krachten 
6. 5 
1 .  De maxi male paa l be lasti ng i s  afhanke l i jk  van de toe laatba re schachtspann ing  enerzi jds 
en/of de toe laatba re pu ntspa n n i ng anderzijds.  Gebaseerd op Cfsc h = 6 M Pa en/of G p u n t  
= 4 !\� Pa z i jn  de ma x ima le  paa l be lastin gen (zonder extra dru kwa pe n i n g  e n  zonder bij­
drage aan pos itieve k leef) : 
buisdiameter 
in mm 90 1 00 1 1 0 1 30 1 50 1 70 220 300 
-
ma x .  paa l be l .  druk 0 ,026 0,032 0 ,038 0,053 0,07 1 0,09 1 0 , 1 52 0 ,283 in M N  
trek afha n ke l ï k  va n g ronds la  g en p aa l len te g 
De toe laatbare schachtspa nn ing  is gebonden aan de e isen,  d ie  door Bouwtoezicht wor­
den geste ld .  
2.  Als  basisn iveau ge ldt  de  onde rkant va n de bu is./ 
/ 
3. De posit ieve k leef levert een groot aandeel in het d raagvermogen, afhan ke l i j k  van de 
gron dgeste ldhe id .  
4.  Reductie va n negatieve k leef is n iet  mogel i jk .  
5.  H et maxi maa l  opneembare bu igend m oment i s  afhanke l i jk  van het  d oorgaand wape­
n ingspercentage en de gekozen paa ld ia meter. 
6. H et systeem is ge l u i dsarm en praktisch t ri l l in gsvrij .  
F .  Mogel ij kheden toepassing 
1 .  Schoorboren is moge l i j k  tot e l ke gewenste h e l l i n g, ze l fs hor izontaa l  ( g routan kers ) .  
2. In beperkte rui mte ka n het systeem worde n  toegepast, m i n i ma le werkhoogte bedraagt 
1 ,60 m.  
3.  De hart op hart paa l afstand bedraagt b i j  onverha rde pa len m i n i maa l  3 maal  de paa ld ia­
meter. 
4. De min i male paal afsta nd tot de be lend ing  i s  p ra ktisch n i h i l .  
5. Het toe pass ingsgebied, voorna me l ijk grond mechan i sc h  gez ien,  i s  bij moe i l i j k  voor nor­
male heiste l l i n gen toegan ke l i jke rui mten e n  voor l i cht be l aste pa len .  De paa l  moet een 
zekere d iepte in  het vaste zandpakket k u n n e n  worden geboord. Het d raagvermogen is 
dus in grote mate afhanke l i j k  van de posit ieve wrijv ing .  
6. Het i s  moge l i jk de schachtopbouw onder  het maaive ld te beë i n d i gen .  
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G .  O nderzoek en ve i l ighe idscoëfficiënt 
1 .  Noodzake l i jke vooronderzoeki ngen zijn sonderi n gen,  waa rva n l iefst c i rca 20% met 
plaatse l ijke  k l eefmeti n g  en grondbori ngen met eventueel ana lyse en la borator iumonder­
zoe k. 
2. Ra pporten van praktisch onderzoek:  rapporten van het fondedi le  concern ze lf, hoofd­
za ke l i jk  Ita l iaans.  
3 .  De ve i l igheidscoëffic iënt va rieert van 2 , 5  tot 3,  d it  is  afhan ke l i jk  van de afmeti n gen en 
de eisen betreffende de toe laatbare zett ing en het vormveranderi n gsdraagvermogen .  
4 .  Dit  paa lsystee m wordt in  Nederland toegepast s inds 1 969 ( oorspron ke l i jk  i s  d i t  u it 
Ita l ië  afkomstige systeem voor het eerst in  Neder land geïntroduceerd d oor  de Aanne­
mi ngsm ij .  De Kondor te Haarlem) .  
( 
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5 M icrop i l i ng 
F. L!ZZI 
5. 1 The ditrusion of p a l i  rad ice 
Whcn pal i  rad icc were fust applied, early i n  t he fifües, the rcgu lat ions t hcn i n  
force for p i l ing ( i n  particular t he German DIN), p rescribed a diameter of  not  
Jess than 40 cm for cast-in-piace p i  les .  This  created problems when the palo 
rad ice was i n troduced as it  was d ifficult to bel ieve that a p i le ha ving a d iameter 
of only ! O cm could bear J oads of up to 30-40 tonnes or  more. Fortu nately a 
load tes t for values i n  the order of fifty tonnes i n volved only  very m odest 
ex pen se, but  suppl ied a convincing. de fini  t ive pro of of t he efTectiveness of the 
sys tem. 
Pal i rad ice made a name for i tself i n  I ta ly  and abroad , a l though in the USA 
there were some d ifficu l t ies, as cast- in-piace p i  les are nol  ve ry popular in that 
coun try. After about twenty years ( in  the 70s) ,  with t hc expiry of lhc fi rst 
palen ts of pal i rad ice, o ther s imi lar p i lcs were proposed . They were 
generical ly cal led ' m icropi les ' .  Some of them i n  pract ice conform to thc 
characteris tics of pal i  rad ice, whi le others have bee n c ha ractenzed as s teel 
p i les, cemen ted in to  t he soi l .  
5.2 Steel pipe microp iles, cementcd into the soit  
It  has been said before that t he high bear ing capaci ty o f pa l i  rad ice, comparcd 
with their smal! d iameter, is  lhe ir  most favou rable character ist ic .  B u t  in a palo 
rad ice , as i n  any concrete pile, the bearin g  capacity has i ts l im i t  i n  the crush ing 
rcsista nce of the cross-secl ion of l h e  shafL 
The tendency t herefore a rose tÖ i ncrease thc s teel rei n forceme n t  to obta i n  
more resista n t  sect ions. F ina l ly micropi l ing. consisting substa n t i a l ly o f  very 
heavy roetal pipes (or structural beams), which could bear considcrably higher 
loads were proposed . They are sccurely cemen tcd i n t o  t he s u bsoil .  
One such mi cropile ('Tubfix ) is i l! us trated in Figure 5. 1 ,  \Vherc the phascs 
of construct ion are d ep icted.  
( I )  The dri l l ing i s  carried out w i th any syste m  su i table for the part icular soi l ,  
i ncluding flushing o f  t h e  s p o i l  w i t h  bentoni te m u d .  
( 2 )  Onç� the fixed deoth i s  reached . a steel pipe ( rein forcemen t) i s  introduced . 
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Figurt· 5. 1 M icropik ·Tuhlix· · >l;��cs or exccut i on. 
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1\ t i ts lowcr C l1 ll . t hc Jl i JlC i s  prov idcd w i t h  Cl S C iï CS of h o les p ro tee led b y  
ru bber s lccves ( va l vcs ) .  
( 3 )  Thro u gh t hese v a l ves a ce me n t  m i x  i s  i njcc ted to fi l l  t h e  a n n u l a r  space 
between the ho le a n d  the p ipe. 
(4) Bcforc thc co m p le te h a rdcn i n g  of  t he mix.  the lower va lves are pressu re 
grou ted i n  o rder to form a k i nd of bulb .  These s pec ia l  valves a l low for 
somc regrou t i ng . i f  nccessary. -
The h i g h stren g t h of t hc s teel oO'crs an i nc reascd load bear ing capac i t y. O n  
t h c  othcr  h a n d  s o mc o t h e r  poi n t s  m u s t  be considered . 
(a) The ad hesion between thc p ipe and t he s o i l .  i n  metal  p i les, is obtained by 
mea ns of tl u id ce me n t  gro u t ,  i njected through t he p ipe. Obvious ly ,  t he 
th in  cement grout crus t  so obtained cannol  ensure a very ctlèct ive 
ad hes ion between s teel a nd grout  or i n  t u rn ,  be tween the grou t  and t he 
so i l .  I t  is n ecessary to inject i n  thc lowest part  of t he p ipe, w here i t  i s  
poss i blc to obta i n  higher pressures. The bearing capacity i s  obtained i n  
practice b y  a k ind o f  po in t  bca r ing ?ûpphed by the decper layers, i ns lead 
o t" by s k i n  friction as i s  t he case with pa l i  rad ice. F igu re 5 . 2  s hows two 
typical curves of load transfer from the pi le to soit, for a palo radice and a 
metal m ic ropi le respcct ivcly.  For this reas o n ,  t he set t iement  o f  a metal 
micropile is in the order of somc cen t i metrcs, a nd not mi l l imetres as i n  the 
case with a pëdo rad icc. Figure 5.3 shows the load-scttlement graphs for a  
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.... LOAD 
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Figure 5.2 Typ ical load transfer cu rws from the pilc t o  t h� s o i l .  i "or a palo raJ ic<: �nd ror a steel 
micropi le. 
p a l o  radice and a s teel m icro p i le . B o t h  were const ructcel on thc sa me s i t e  
for a b u i l d i ng t h a t  ncedcd u nderpi n n i n g  and a p a r t  ia I rccon s t ruct ion with 
add i t iona l  new structu res. The sa me flgu re shows t he characterist ics of  the 
s u bsoil .  The d iagrams demonstrate tha t metal m icropi les, even i f (owing to 
the res is tance o f  the steel) they are p o te n t i a l l y  fi t for support ing greater 
loads, can n o t  be u sed for u ndcrp i n n i ng, becausc of their high sett iemen t 
I n  fact,  for t he u nderpin ni n g  of the b u i ld ing, pal i  radice were u sed , w h i le 
the steel m ierepiles could be used as fou ndat ions  for the new structures. 
(b) The risk of corro ion in steel p ipe rn icropi les can nol bc ign orcd. 
(c) Buck l i ng, which is  n o l  norma l ly taken i n t o  considcrat ion in thc case o f  
vcry slender pi les . ca mlot be ignored i n  t he ca$C of s tee l micro p i les which 
a re hea vi ly l oadcd and not adeq ua tely supportcd by the soi l in t hc u p rcr 
l a ycrs. F r t h i s  rcaso n .  such pi lc$ a re only  i nst:t l lcd vcrt îca l l y. 
5.3 The prcloading on mic ropilcs 
As shown a bovc, thc  p a l o  rad icc, i f uscd carcfu l l y  w i t h i n  we l l -deli ncd . a nd n o l  
excessivc. load l i m i ts .  i s  a b l e ,  w i t h i ts p r o m p t  response,  to g ive a dcll n i t i ve a n d  
r a t i o n a l  s u p p ort  to fou n d a t i o n s  i nc u rr i n g  problcms.  13 u t ,  as has a l so been 
shown,  the beari ng capaci ty  of a p a l u rad ice i n  t hc a bsol u te sen se can be ve ry 
h igh,  much h igher than req u i red : i t  cannot  bc u t i l izcd , bceausc the cor­
res p o n d i n g  set tlements w o u l d  nol  be acce p table for a b u i ld i n g  i n  d is t ress. This 
has sametimes suggested the idea of p re toad i n g  thc m icropiles,  in order t o  
m a k e  better u se o f  their bearing carac i ty w i t h o u t  exposing t h c  b u i ld i ng 
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fo u nd a t i o n  lo t he corres pond i ng grea ter  se t t leme n t . This  tendencv m u s t  be 
decis ive l y  re jeeled (e xce r t .  o i'course, lo r temp or<J ry use i n  part ic u lar
-
cases) fo r 
the fo l l o w i n g  reaso ns .  
(a) The p re- load i n g  i n t roduces i n lo b o t h  soi l and b u i ld i n g  s t resses w h ich 
co nst i  tu te a s tr i k i n g  d istu rbance to the cxist ing s ta  bi l i ty ,  the con seq uences 
of which can be very severe. 
(b) The factor of sa fety o f  such an u nderp i n n i ng i s  no l anger 
'I = 11./ + 'lP (see 4. 4 . 4) 
b u t  o n l y  
17 = 'lP· 
T h a t  is ,  i t  has to rely o n ly on the heari n g  capac i t y  o f t he p i les,  w i t ho u t the 
esse n t i a l  c o n t r i b u t i o n  o f t he cxis t ing su bso i l .  
(c) The b u i ld i n g  i s  transferred on to t h c  p i l i n g ,  los ing i ts con tact wi th  t he soi l .  
F reed from ! he b u i ld i ng l o a d ,  t he s o i l  sooncr o r  l a ter  l oses i t s  h i gh dcgree 
o f consol i d a t i o n .  reached , somet imes, a fte r centu ries.  S h o u l d  t he b u i ld i n 2:  
se t t i e  a ga i n ,  press i ng a new o n  the so i l ,  th is  would crea te cond i t ion� 
lea d i n g  to co nseq ue nces m o re seri ous  t ha n  were possi ble before the 
bu i ld i ng was so i m rrudc n t l y  d e t ac hed . 
(d)  The c o n n ee t i o n  be tween t he ri lcs a n d  t hc s t r u c t u rc has to be pos t p o ncel 
u n ti l  the t i me w he n  ! he r i l i n g i s  complete,  at leas t i n  part ,  and in a s tate o f 
pre l oad i n g . I ns lead of a progress i ve i m prave men t  of the p i l i ng ,  as in t he 
case wi th n or m a l pal i rad ice u nderpi  n n i  n g , a long pcriod of di s tress w o u l d  
occur, te rm i na t i n g  o n l y  w i t h  the complet ion o f  t he s truc t u rcs a bo ve 
grou nel Ie ve I .  
W h a t  c o u l d  happen i n  t h e  mea n t ime t o  t h e  b u i l d i n g ?  Very probably .  
s ho r i n g  or other support ing structures wou l d  be n ecessary. 
5.4 Recent types of p a li rad icc 
The p a l o  rad ice descri bed p rcvious ly  has. w i t h  t i me ,  developcd from i ts 
o rigi n a l  for m .  This  has a l l owed better ad ap la t ion  to the demands o f spec i fic 
p ro b lems,  a lways rcmernbcring. h owever , the fu ndamental  pr inciples w h ic h  
i n s p i red i ts crea t i o n .  
A m o n g  these developed forms,  the rece n t l y  paten ted ' p a l i  rad ice a base 
cspansa'  (root pile w i t h  expa nd ed base) m ust  be m e n t i o ned . The i n n ova tion 
consists basica l l y  of a vacu u m  'ce l ! '  a t  thc t oe o f the rci n forcement .  made o f  a 
res ista n l  de formabie cel ! ,  which rcma i n s  e m p ty àuring the gro u t i n g  o f  the p i le 
(by the usua l  systcm of a trcmic p ipe) . A fter hardening of the gro u t ,  a n e a t  
cemen t gro u l  mix i s  i njectcd i n to t he cel l t h rough a g r o u t  p ipe.  As i n d icated i n  
t h e  flgu re ,  a si ngle s teel p ipe c a n  ge nera l l y  b c  used for rei n force ment  a s  wcll a s  
gro u l i ng.  T h e  cavi ty  a l lows ! he forma t i o n  o f  a !l u id ' b u bble'  w hich,  brea k i ng 
t he wa l Is o f  t hc cel ! produces a u n i form p ress u re on t he soi l  a nd crea tes a base 
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a) BORELOG 
BOTTOM OF THE CANAL 
s i f ly  clay very so l i ,  wi lh shel ls  
V plasl ic  s i l ty  c lay 
solt lp las l i c  s i l ly  c lay 
f i n e  sand, s l igh l ly  s i l ly  in lhe  l i rs l  2 metres 
sandy s i l l  
s i l ty  sand 
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b) P E N ETRO M ETER TEST 
B 
D a t a  of t h e  pi les:  
.0 RADICE 
D•arneter: 1 30 mrn 
Lenglh:  1 5.50 lm 
1 (j 18  w e • g h t  2 .5 k g  /lm Ae.n lorccmenl 
Altowed workmg l a a d  15 tons 
4 o  4 �  50 5 5  60 
LOADS I N TONS 
0 5 2 �  3 0  35 
0��
�� 
1 0  1 5  20 
STEEL MICROPILE 
Diameter:  1 30 mm 
'Len g l h :  1 6  l m  
Ae•n forcement s t e e l  p1pe 
0 D 6 0  3 mm 
Th�ekness 8 mm 
Weoghl 1 O.JO kg flm 
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( a )  A l t e r  c a s t ing t h e  pile s h a l t  ( b )  A l t e r  in jec t ion in t h e  cel! 
Figure 5.4 The r�Jo rad icc with expa nded base. 
b u l b .  This app l ies in any type of so i l ,  whatcver i ts pcrmcab i l i t y .  
I n  out l i ne, th is  system recal l s  thc proccd ure of inject ion i n  s teel m ierepiles 
us ing va lved p ipes. However i t  is substan t ia l ly  d i fferen t, bccausc thc grout  
i njccted,  ins tead of going through rubber valves w hich a l low a l im i tcd , 
i rregular passage w i t h  a noticeable loss o f pressu rc, is firs t  col lccted i n  t hc cel ! ,  
where i t  forms a !lu id  'bubble' w h ich acts on a wide surface ( thc side surface o f  
t hc cel!) w i t h  ful l  pressLire (which c a n  b c  control led at  thc surfacc). A lso, as 
stated above, the system can be appl icd in any soi l ,  not  on ly  thc gramdar oncs, 
which are the only  types su i tab le for norm a l  i nject ion .  Thc format ion of  this 
'bulb'  provides an i ncrease in end bearing resistancc to  tbc esscn t ia l  
cba racterist ic of the  pa lo  radice, i . e . ,  i ts high s k i n  frict ion.  
Tbc palo rad ice with expanded base is a lso used in  those s i tuat ions whcrc 
the p i lc must  react to lension as wcl l  as corn pression ---as is thc case. for 
ins ta nce, w i t h  towers lor electric i ty trans mission l i ncs .  
In t hc mos t recent  form of pal i  rad icc. thc bars a re covcrcd with a spec ia l .  
very th in  layer of sand-resin mortar,  aftcr a palen led proced ure.  Tbis  
t rca t me n t  is i n tendcd to i ncrcase t hc sk in  frict ion and supply a n  add i t ional  
proteet ion against  corrosion .  
5.5  :vl ic ro p i lcs for ncw founda tions in d illicu ll  soi ls 
Convc n t iona l  fou ndat ion  pi les, espcc ia l l y  l a rge- d i a meter  r i lcs ca n n ot bc 
d ri l led eas i ly  i n  any soi l .  Someli mes thc rrcscncc o f bou ldcrs,  old l'oundat ions  
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Figure 5.6 Schernc of thc foundat ion for t hc v iad uct of Figurc 5 . 5 .  
or o t her obs t r u c t i o n  in  t hc s u bs o i l m ::t kcs t hc d r i l l i n g of such pi  les cl i fl1cu l t  or 
1 m p oss i ble . B u t  t he penetra t ion  of, for exa m p l e ,  l a rge bou lders prese n t  i n  t he 
s u bs o i l  t o · m a ke way for la rge-d i a me te r concrete p i les seems i l l ogica l , d ue to  
t he was te of t i me a n d  energy i n vo l ved . l t  woulel u su a l l y be much more 
conve n ie n t  to  subs t i t u te for t he la rge-d i a mc t� r p i les a n  adequate  n u mber of 
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m ic ro r i ks , w h i c h  o n  acc o u n t  o f  t ho::: i r  m o re flo:::x i b le  to:::c h n o l ogy.  c a n  be mo re 
cas i l y  d r i l led t h r o u g h  a n y  o b s t r u c t i o n .  
F igu res 5 . 5  a n d 5 . 6  i l l u s t r a t c  t hc fou nd a t i o n o f  a v c r y  h i gh m o d e r n  h i g h w a y 
v iad u c t .  Thc gro u nd com p r i scd o l d  q u ar r y  fi l l . i nc l u d i n g  l a rge b o u l d e rs .  so t hc 
la rge d ia me ter p i k s  a d o p tcd ;d o n g  t h e  o t he r  sec t i o n s  of t he s a m e  h i g h w a y  
c o u ld n o l  be c o n s t r.u c ted i n  t h i s  p a r t i C Li i a r  sect 1 o n .  l n s t e a d . a m ic ro p i k 
fo u n d a t i o n  p rovcd to bc very e fl ic icn l a nd c�1 s i l y e x ec u tecl . T h e  b o u l d e r s  wcrc 
penetra led w i t h o u t  a ny d i flic u l t y ,  so bcco m i n g part  o f' t he fo u nd a t i o n .  As i n  
t he case o f  la n d s l id es.  oncc re i n foreed w i t h  r o o t  p i l c s .  t hc bo u ld c rs beca mc a 
pos i t i ve c lement  i n s lead of a nega t i ve o n e .  
l t  is wor t h  n o t i ng t hc p a t t e r n  a d o r ted for t h c  pi l i n g :  i t  is  a re t icu l a ted r a l i  
rad ice sc he mc,  i n  w h i c h l he l o a d  bc ar i n g capaci  t y  of t h e  s i  n g l c  p i  l e s  i s  i ncrcascd 
by a 'grou p c fl'cc t ' --- ow i ng l o  the d en s i ty o f  t hc p i les (one per sq u a re rnc t re 
a p proxim a te ly) - a nd by a ' ne t wo r k e flec t ' ,  o w i ng t o t he i r rn u t u a l 
i nc l i n a t i o ns . 
The fo u nd a t i o n can t hcre fore tx c ons idered fro m  t w o  a s pccts : 
(a) As a n orma l p i lc fou nd a t ion re l y i n g on t hc load bea r i n g ca pa c i ty o f  the  
s i n g le p i lc . This  was  t he bas i s  o f  t he des ign , d e r i vcd from l o a d  tes t s .  
(b) As a ' re i n fo rccd soi l fou nd a t i on ' ,  w h c rc a l l  t hc s t ru c t u re (p i l es ,  so i l ,  
bou lders e tc . )  i s  con t r i bu t i n g to  t he l oa d bca r i n g ca pac i ty ·o f  t he fo u n ­
d a t io n . Th is  is  a rcs u l t  of t he re i n f'orcemc n l  i n t rod uced by thc  p i  les , w h ich 
con neet and.  as i t  wcrc ,  ' i n te gra le ' t he d i lTe re n t  ground con d i t ions .  
The load bcari n g  ca pac i t y  of the  ' rci n forced s o i l '  accord i n g  to t h i s  secon d 
v iewpoi n t is grca l cr, t ha n  thc loadbcuing capac i ty  of the to ta l  p i les ac t ing  
i nd i v i d u a l l y  as in  (a) .  Th i s was  c lea r l y d e m o n s traled i n  prac t ice,  w h e n  the  
Se t t ic me n t O f  thC fO U Îlcl a t i o n  (once of thc V i 3 ci U C t had been COrn p Je t ed )  ga ve 
res u l ts o f' prac t ica l l y zero, i n s lead of thc few m i l l i me t res t h a t  could be ex peeled 
a ftcr t hc load tes ts  ca r ri ecl ou t on s i ng le p i les .  
Th is  rcsu l t  loo k s  rnuch more i m po r t a n t  than t h e  p roblem t h a t  brou gh t i t 
a bou t .  l t  demon s t ra les once more t ha t t hc m od ern tcndency to i ncreasc more 
a nd m ore t he el i a meter of fou nda t ion  pi les. i n  ord e r  for t hcm to s u pport  
_ grea ler loads in  t he ra n ge o f  thousa n d s  oi  t o n  nes,  is  perha ps a m i s t ake.  Such 
pi les .  spaeed w icle ly , a re genera l l y  very l o ng - some l i m es 50 me l res ar m or e ­
beca usc t hey h a ve la re ly  essen t i a l l y  o n  t he dccp s tra ta ,  neglec t i n g  ( a t  l eas t  i n  
tcrms o f  sa fe ty) t he poss ib le  con t r i b u t i o n  of the  u pper laycrs of so i l .  A d ense r 
p a l l crn  o f  sma l le r-d i a meter pi!:es ( n o l  necessa r i l y  m ic rop i les) , however ,  of n o t  
cxaggcratcd le n gl h , is  probab� more s u i ta b le for i n val v i n g  t he co l labora t ion  
of  the so i l ,  so re t u rningJp i t  i t sèss�_n t ia l  rol c as p r i nc ipa l  s u pport  o f a n y man­
made cons t ruct i o n .  
B I J L A G E N  1 2 - f  k o p i e  v a n  d e  d o c u m e n t a t i e  v a n  d e  f i r m a  
F o n t e c - S o l e t a n c h e . 
B i j l agen 1 2 - f 
Verta l i n g  broc hure n r . 1 9 2  
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SOLETANCHE I . M .  PALEN 
1 000 Brussel  
Telex:  2 2 7 2 4  
De I . M . - p a a l  ( I  voor i n j e k t i e  en M voor m e t a a l ) b ehoo r t  tot de 
f ami l i e  van d e  m i k rop a l en , d . w . z .  p a l e n  met k l e i ne d i am e t e r  ( k l e i n e r  
dan 2 5 0 mm )  en grote l en g t e -d ikte ve rhoud i n g  ( m e e r  dan 3 0 )  . Ge z i en 
hun k l e in e  doo r s nede werken z i j  voo rn ame l l i j k  op z i j de l i n g s e  w r i j ving . 
Een groo t voo rd e e l  van d e  I . M . - p a a l  i s  z i j n  draagv e rmogen . De z e  s t e r k t e  
komt voo r t  u i t  h e t  inbrengen en va s t z e t t e n  van e e n  wape n i n g  i n  e e n  g a t  
me t vo l doende g r o t e  d i ame t e r . D i t  g a t  k a n  i n  o m  h e teven we lke r i c h t in g 1 
aangepa s t  aan h e t  bouwpro j e c t , geboord wor de n . 
H e t  verank e r en van de wape n i ng doo r i n j e k t i e  g e e f t  haar een c apac i t e i t  
d i e  i n  s ommi g e  geva l l en meer dan 2 0 0  ton k an bedra gen . 
Voorde l en van d e  I . M . - p a a l  
U i t  z i j n  e i gen s c h appen v loe i en e e n  a a n t a l  t e c hn i s c he en e conom i s c h e  
voord e l e n  voo r t  : 
. z i j n  wapen i n g  d i e  h e t  hoo f db e s tand e e l  van de p a a l  i s , l a a t  in ve r ­
houd i n g  tot z i j n  doo r s ne d e  een z e e r  groo t bu i gmoment toe . Z i j  l a a t  
hem t o e  z owe l druk- a l s  trekkrachten o p  t e  n emen . D e  paa l reagee r t  
z oa l s  e e n  t r e k anke r e n  k a n  a fwi s s e l e nde t r ek en drukkrac hten opnemen . 
N i e t t e g e s t a ande z i j n  k l e i ne d i ame t e r  i s  z i j n  b u i g s t i j fhe id gewaarbo r g c  
z e l f  in z a c h t e  grond . 
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. d ank z i j  hun k l e i n e  d i am e te r , kunnen z i j  me t l i cht , verp l a a t s ba a r  e n  
weinig plaats inneme n d e  a ppara tuur ui tgevo e r d  wo rden , vo l ge n s  o m  h e t  
even welke h e l l i n g . Z u l k e  ma c h i n e s  z i j n  voo r a l  v a n  b e l a ng wanne e r  d e  
b e s ch ikbare ruimte e r g  k l e i n  i s  ( o f  b i j  h e r s t e l l i n g  v a n  fund e r i n g e n ) 
zodat geen k l a s s i e k e  w e r k tu i gen kunnen gebru i k t  wo rden . Bovend i e n  
k unnen d e z e  l i c h t e  ma c h i n e s  me t ger inge k o s t e n  a a n - e n  a f gevo e rd 
worden . 
. het boren van d e  p a l en ma a k t  w e i n i g  lawaa i ,  ge e f t  w e i n i g  v e rvu i l i n g  
en prakt i s c h  g e e n  t r i l l i n gen . E r  k a n  in e l ke grond gebo o r d  wo rden e n  
ook hi nderni s s e n  o f  ho l l e  ru imte n  geven geen prob l eme n . B i j  d e  v e r a n ­
k e r ing k a n  m e n  de p a a l  gemakke l i j k  me t de hoo fdc ons t ruk t i e  v e r b i nden . 
De moge l i j kh e i d  om d e z e  v e r a n k e r i n g  doo r i n j e k t ie ond e r  druk u i t  t e  
voeren l a a t  bovend i e n  t o e  o m  de k a r a k te r i s t i e ken v a n  h e t  1te rr e i n  
waar de krach t s ove r d r a c ht gebeurd t e  verb e t e r e n . 
U i tvoering 
Z i j  kan ve r s c h i l l e n d e  vo rme n a annemen ( s t aven , bu i z e n , I -b a l ke n , r�s 
e n z  . . .  ) om z o  i de a a l  m o g e l i j k  a angepa s r  te zijn a an h e t  ge s t e l de p r o ­
b l eem . De mee s t ge b r u i k t e  wapeningen e n  hun e i gen s c happen w e r d e n  i n  d e  
t abe l h i e rna a s t  w e e r g e g e v e n . Alho ewe l z i j  dege l i j k  t e g e n  kor ro s i e 
b e s chermd i s  doo r d e  v e r a n k e r i n g s mo r t e l  k a n  de wap e n i n g  ook door e e n  
a n t i - korro s ie -m i dd e l  ( te e r , epoxiha r s , en z . . . ) b e ha n de l d  worden . 
. H e t  bo ren 
De boorwi j z e hangt af van de te doo rbor e n  grond f o rma t i e s  ( grond , me t s e l ­
werk , ver s c h i l l en d e  h i n d e r n i s s en ) , van d e  opbouw van d e  we r f  e n  va n 
h e t  proj ekt . I n  i ed e r  g e v a l  wo rden d i e  boorme thod en e n - boorma c h i n e s 
gebruikt die in de k o r s t  mo g e l i j ke t i j d s p anne h e t  b e s t e  r e s u l t a a t  
geven . 
De verank e r i n g  l a a t  d e  o v e r d r a c h t  to e op h e t  omr ingende te r r e i n  van 
de op de I . M . - p a a l  u i t g e o e f e n d e  k ra c h t e n . V an de z e  ve r ank e r i n g  hangt 
grotendee l s  de me c ha n i s c h e  kwa l i t e i t  van h e t  geh e e l  grond-paa l a f .  
De verank e r i n g  g e b e u r t  m e t  e e n  s t erk c ementhoudende mo r t e l  me t toe ­
vo e g s t o f f en d i e d e  k r imp t e gengaan . 
De mor t e l  wordt g e s t o r t  o f  onder druk g e i n j e k t e e rd n a a r g e l a n g  de bodem­
g e s t e l dhe id of het b e o o g d e  re s u l t a a t . 
. . /  . .  
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I n  h e t  a l geme e n  k u n n e n  d e z e  p a l en , omwi l l e  v a n  h u n  m e c ha n i s c he e i ge n ­
s c h a pp e n  en h e t  g emak van u i tvoe r i n g , toe g e pa s t  w o r d e n  i n  vo l ge n d e  
geva l l e n  
. t e l kens wan n e e r  k l e i n e  ve r s p r e i d e  k r a c h t e n  mo e t e n  o p g e nome n  w o r d e n  
daar waar e e n  k l a s s i e k e  p a a l te g r o o t  z o u  z i j n , 
. voor we rken o p  k l e i ne s c ha a l  w a a r  het e c o nomi s c h  n i e t  v e r a n twoord i s  
o m  conven t i o n e l e  m a c h in e s  a a n  te voe re n  e n  t e  i n s t a l l e re n , 
. wanneer de fund e r i n g  w i s s e l e n d e  d ruk- e n  t r e k k r a c h t e n  mo e t  o p n e me n , 
. wanne e r  h e t  g e va a r  b e s t a a t  om op ob s t ak e l s  zba l s  o u d e  funde r i n g e n , 
s t enen o f  r o t s b l ok k e n  e n z  . . .  te s tu i t e n  z od a t  h e t  t e  duur z o u  u i tva l l e n  
o m  bor i n g e n  m e t  g r o t e re d i a me t e r  u i t  te voe r e n ,  
. wanne e r  d e  w e rk r u imte b e pe rkt i s  z odat h e t  moe i l i j k  o f  o nmo g e l i j k  
i s  om konve n t i o n e l e  m a c h i n e s  t e  g e b r u i k e n  . .  
De l aa t s t e  twe e  g e va l l e n  d o e n  z ic h  r e g e lma t i g  voo r  b i j  h e r s t e l l i n g  
van f unde r i n g e n  w a a r b i j  d e  bovenbo uw i n takt mo e t  b l i j ve n  o f  v o o r  
con t inue o f  l i c h t  o n d e r b r o k e n  p a a lwande n . H i e r  l e e n t  de I . M . - p a a l  z i c h  
b i j zonder go e d  a l s  u i tvoe r i n g smethode . 
I . M .  PILES 
The I.M. (lnjected steel) pile belongs to the 
group of small diameter piles (less than 
250 mm) which have a high length to width 
ratio (greater than 30). Due to their small 
cross-seclion. they work essentially by late­
ral friction. 
The I.M. pile is particularly strong. This re­
sults trom the placement of steel reinforce­
ment and its sealing in a hole of sufficient 
diameter. It may be drilled at any angle 
which is best suited to the requirements of a 
project. 
The injection sealing of the pile anchorage 
gives it a capacity of 200 tonnes or more. 
A number of technica! and economie advon­
tages result lrom these characterislics: 
• The steel reinforcement, which is the es­
sential element. gives the pile a high ben­
ding moment toleranee consiclering its 
cross-section. Thus the I.M. pile can act like 
an anchor and can withstand altemating 
compressive and tensile farces. Despite its 
small diameter, there is no danger of buc· 
kling, even in soft soils. 
• Thanks to its small size. it can be ploeed 
with compact. lightweight. portable equip­
ment capable of working at any angle. Such 
equipment is particularly suitable when only 
a limited space is available (as in the case of 
underpinning. lor example) which would 
prevent the use of conventional equipment. 
The lightness of the equipment also means 
that it can be set up and removed at a relati­
vely low cost. 
• The drilling and casting in place of the pile 
causes very liltie noise. dust and practically 
no vibration. 
The hoie can be drilled through any medium. 
and can cope with obstructions and voids. 
The sealing enables the I.M. pile to bind ea­
sily to the superstructure. 
Furthermore. the sealing by pressure injec· 
tion means that the characteristics of the 
ground can be improved in the zone where 
stress is applied. 
Proce dure 
• Steel reinforcement 
The reinforcement may be any one of a va­
riety of forms (bars. tubes. I-beams. rails. 
etc.) selected to best suit the problem a1 
hand. The common types of reinforcement 
and their characteristics are shown in the ac­
companying table. 
The reinforcement . although proteeled 
against eerrosion by the sealing grout once 
it is in place, can be pretrea1ed with an anti­
corrosive compound (lar. epoxy-pitch resin. 
etc.). 
• Drilling 
The methad of drilling depends on the nature 
of the lormalions encountered (soil, masonry. 
various obstacles). on the layout of the site. 
and on the type of project. In all cases. the 
methad of drilling and the equipment used 
are chosen so as to produce the best result in 
the shortest time. 
• S e aling th e reinforcement 
The sealing ensures tha1 the stresses exerted 
on the I.M. pile are transmilled to the sur-
PILOTES I.M. 
El pilote I.M. ( I  = Inyección, M = Metal). 
pertenace a una familia de pilotes que se ca­
racteriza por su pequeno diámetro (inferior a 
250 mm), y una gran relación de esbeltez (su­
perior a 30). y que desarrollan casi todo su 
trabajo por fricción la1eral. 
El pilote I.M. presenta la propriedad de estar 
fuertemente armada, resulta de la colocación 
de una armadura en una perforación ade­
cuada para recibirla y de su sellado al ter­
reno. La perforación puede adaptarse a la 
inclinación y profundidad requerida. 
El sellado del pilote ejecutado por inyección. 
Ie confiere una capacidad que en ciertos ca­
sas sobrepasa las 200 toneladas. 
De sus caracteristicas se desprenden una se­
rie de ventajas de orden técnico y económico. 
• La armadura. elemento principal del pilote 
se coracteriza por una fuerte resistencia a los 
moment os en relación con su sección. lo cual 
Ie confiere un funcionamiento similar al de 
los tiranles. es decir pueden lrabajar lantb a 
lracción como compresión. \ 
A pesar de su pequeno diámelro la seguri­
dad al pandeo esla garanlizada, min en el 
caso de suelos con mediocres caracleristicas 
mecánicas. 
• Gracias a sus pequenos diámetros. son 
ejeculados con equipo ligero. desmontable y 
que se adapta a cualquier inclinación. Por lo 
cual se adaptan facilmente a espacios limi­
tados (reparación de inira-estructuras) donde 
rio es posible utilizar otros equipes mas pe­
sados. La ligereza del equipo incide directa­
menie en los costos de Ironsporte y manle­
nimiento. Jo cual conduce a menores costos. 
• Debido a su forma de ejecución no se oca­
sionan grandes ruidos, suciedad. etc. 
La perforación a1raviesa cualquier obstá­
culo. podiendo adaptase a la forma de es· 
tructuras. vacios, etc. Otra de sus ventajas es 
la de permitir mejorar el suelo gracias a la 
inyeècion. 
Colocación y fabricación 
• l\rmadura 
Esta presenta lormos variadas (barras. tu­
bos. perfiles. etc.) a fin de adaptarse a los 
requisitos del proyecto (tipos mas importon­
les de arrnadura en la ultima pagina). Las 
arrnaduras. a parte de la protección natura! 
que implica su inmersión en el mortero, pue­
den ser pre-protegidas mediante recubri­
miento con anticorrosivos (breas- epóxicas). 
• Perforación 
Su ejecución depende de : 
- Naturaleza del terreno. 
- Eventuales estructuras enterradas. 
- Zonas de trabajo. 
- Del proyecto. 
Todo este análisis tiene como la selección 
del tipo de perforadon y equipo que perrnita 
mejores resultados. 
• Empotrami enlo de l a  armadura 
El empotramiento asegura la trans�isión de 
los esfuerzos ejercidos por el pilote al ter­
reno, de la calidad de éste depende parciai­
menie el funcionamiento del conjunta pi· 
lote-suelo. 
El empotramiento es realizado mediante 
I.M. PFAHLE 
Die I.M.-Pfähle (I  = Injektion. M = Metall) 
gehören zur Familie der Mlkropfàle, d.h. : 
Pfähle mil geringem Durchmesser (unler 
250 mm) und einer grossen Lànge (über 30). 
Angesichts ihres kleinen Schnittes. arbeiten 
sie hauptsächlich durch seltliche Reibung. 
Die I.M . .. Pfàhle sind durch ihre starke Be­
wehrung gekennzeichnet. Sie entstahen 
durch den Einbau der Bewehrung und durch 
deren Einbindung in ein Loch von entspre­
chender Grösse. 
lhre dem Bauobjekt anzugleichende Richtung 
kann beliebig sein. 
lhre Eigenschaften weisen eine Reihe von 
technischen und wirtschaftlichen Varteilen 
auf : 
• Ihre Bewehrung. d.h. ihr Hauptbestandteil. 
weist im Vergleich zum Schnitt des Plohls ein 
besanders grosses Biegemoment auf. Sie 
können somit Zug - oder Reisskràfte 
aufnehmen. Der I .M. Pfahl arbeitet also wie 
ein Anker und kann abwechslungsweise Zug 
oder Druck hinnehmen. Trotz seines geringen 
Durchmessers. ist seine Biegefestigkeit ge­
währleistet. wenn auch in einem urngeben­
den Boden von schwacher Steifigkeit. 
• Dank ihres geringen Ausmasses können 
sie mil leichten, sich zerlegenden und dem­
nach wenig Platz beanspruchenden Geràten 
ausgeführt werden. welche in beliebiger 
Neigung arbeiten können. Solche Geräte 
sind besanders dann vorteilhaft. wenn der 
zur Verfügung slehende Arbeitsraum be­
schränkt ist (z.B. bei Unterfangungen), wo 
keine klassischen Geräte verwendel werden 
können. Ausserdem können diese leichten 
Geräte unter geringen Kosten an- und ab­
transportiert werden. 
• Die Bohrung der I.M.-Pfähle ist sehr ge­
räuscharm. es entsteht wenig Versch­
mutzung und praktische keine Erschütterun­
gen. Es kann durch jegliche Böden geboh:1 
werden. auch Hindemissa oder Hohlràume 
sind problemlos. Mit der Verankerung is! es 
einiach. den Pfahl mit der Oberstruktur zu 
verbinden. Weiterhin ermöglichl die Druck­
verpressung die urngebende Bodenbeschaf­
fenheit dort zu verbessem wo sie beans­
prucht wird. 
Einbau 
• B e w ehrung 
Sie kann sehr versebiedene Forrnen an­
nehmen (Stäbe, Rohre, I-Träger. Schienen. 
usw.), urn sich der gestel! ten Aufgabe besser 
anzupassen. Die Iertig eingebaute Be­
wehrung ist durch die Verpressmischung. 
womit sie umgeben ist, gul gegen Korrosion 
geschützt. kann jedoch noch :z:usàtzlich mil 
einem Anti-Korrosionsmitlel (Teer oder 
Epoxy-Pech) varbehandelt werden. 
• B ohrung 
Die Bohrweise hängt von dem zu durchdrin­
genden Uniergrund (Boden. Mauerwerk, ver­
scbiedene Hindemisse), von der Lage der 
Baustelle und vom Bauobjekt ab. 
• Verpressung der B ewehrung 
Die Verpressung überrnittelt den auf den 
l.M.-Pfahl ausgeübten Druck dem urngeben­
den Boden. Von deren Güte hängt teilweise 
rounding ground. The mechanica! lntegrity 
of the pile-soil bond depends partially on the 
quality of sealing. 
Sealing is performed by a streng grout 
containing a high proportion of cement to­
gelher with an additive designed te prevent 
shrinkage. 
The grout is placed either by gravity er by 
pressure injection. depending on the geo­
technical conditions and result required. 
Uses of I .M. Pil e s  
• Nanterre MH3 
Underpinning of the foundations of a 24-sto­
rey building. Following differential settie­
menis of about 15 cm during construction, 
775 piles. each of 50 and 70 tonnes capacity. 
were installed from the lewest basement Ie­
vei le carry the total load of 50.000 tonnes. 
• Saint-Brice 
A smal! diameter (150 to 200 mm) continuous 
auger drills te the hearing stratum. Grout er 
morlar is  pumped under pressure te the base 
of the pile through the hollew stem auger. 
The auger flights bring the excavated mate­
rial Ie the surlace. The boring is then lilled 
with grout or mortar. Steel reinforcement i s  
irnmediately installed in the wet grout: the 
pile is completed. 
This technique is applicable te short (less 
than 20 m). lew capacity (15 te 30 tonnes) pi· 
les which can be installed quickly and chea­
ply. 
They are particularly suitable for the foun­
dations of light construction works such as 
housing estates. 
• Invalid es-Orsay rail link 
lnstallation of a wall of I.M. piles• suppor· 
ting buildings with shallow foundations prior 
te the construction of the underground 
railway line and the restoration of sewers. 
• Orsay Museum 
The old station of Orsay has been converled 
into a XIXth century museum. In order te en­
hance the classis metallic slructure the mu­
seum has been partially buried. A variety of 
special works were necessary: ground water 
lowering, cast-in-piace diaphragm walls. 
lemporary tieback anchors. 
The base slab. which is far deeper than the 
previous ene, is subjeeled te uplift. Equili­
brium is ensured by the installation of I.M. 
piles werking in lension: these are perma­
nent passive anchors. 
Each pile had 2 Dywidag bars, sleeve-cou­
pled and proleeled against eerrosion on the 
!ree part. having a capacity of 85 tonnes. 
1 .360 piles were installed with lengths of 1 3  
te 2 6  melres. 
• Pylons 
Foundations lor pylons using I.M. pil es. 
Each pile carries compressive and tensile 
stresses cl about 100 tonnes • 
• lPE: 100 me lal a.ctlona in borehol•• of .:J 150 men. spaeed 
out al 0.3 m tnlervala. 
[]SOLETANCHE 
rqorteros muy ricos en eernenia al cual se in­
corporan aditivos anti-relractivos. 
El mortere es colocado bien sea por gravedad 
o presión. 
La elección de uno u otro método es lunción 
de las caracteristicas geotécnicas y de los 
resultados que se desean. 
Uso d e  los I . M. Pil o t es 
• Manten-e MH3 
Obra de recalce de las cimentaciones de un 
edificio de 24 planlas. A consecuencia de 
asientos diferenciales del orden de 15 cm du­
rante la construcción, ejecución, a partir del 
qltimo sótano de 775 pilotes de 50 a 70 tona­
ladas de capacidad para recuperar la totali­
dad de la carga 50 000 toneladas. 
• S aint-Brice 
Un laladra de barrena continua laladra en 
pequeno diámetro ( 1 50 a 200 mm) hasta el 
substrata resistente. A lravés del tube hueco 
que lleva la hélice. se envia une lechada o 
un mortere bajo presión a la base. El t�ladro 
en barrena sube arrastrando consigo los es­
combros. La perforación se rellena con le­
chada o con mortero. Se introducen las ar­
maduras inrnediatamente en la lechada 
frescci : el pilote está terminado. 
Esta técnica conviene para pilotes de pe­
quena capacidad unitaria (15  a 30 t) poco 
profundos (20 m) rápida y económicamente 
realizados. 
Está bien adaptada a las cimentaciones de 
obras ligeras. tal es coma quintas. 
• Enlace Inval i d es-Orsay 
Ejecución de una pantal la de pilotes I.M." a 
Ie largo de edificios con lundaciones superfi­
ciales antes de la realización de una linea 
ferroviaria subterranea y el restablecimiento 
de las alcantarillas. 
• Museo d'Orsay 
La antigua estación de Orsay se ha trans­
lormade en Musea del siglo XIX. Para poner 
en valer la estructura metálica inc:luida en el 
catálogo de ob ras de arte. el Musea está par· 
cialmente enterrado. 
Para la construcción de la obra. han sido ne­
cesarios dilerenles trabajes especiales : des­
censo de la napa lréatica. muros colados. li· 
rantes de anclaje provisionales. 
La nueva losa de base. netamenle más pro­
funda que la antenor está sometida a sub­
presiones. Su equilibria se obtiene por la 
colocación de pilotes I.M. en tracción : se 
!rata de anclajes pasivos permanentes. 
Cada pilote. constituido por dos barras Dy­
widag con manguitos y protegidas contra la 
corro�ión en la parte libre, tiene una capaci­
dad de 85 t .  De 13 a 26 m de longitud perfo­
rada, se han realizado I 360 pilotes. 
• T o rres d e  lineas electricas 
Cimentación de lorres con pilotes I.M. 
Cada pilote absorbe esluerzos de lracción y 
de compresión del orden de las 1 00 tonela­
das • 
• Perill• • metclllco1 lPE 100 en perloracione1 de dlämetro 
IS.O m rn  upodadas O.JO m. 
die mechanische Qualität des Pfahl!Unter­
grund-Verhältnisses ab. 
Die Verpressung erlolgt miltels einer stark 
zementhaltigen Mischung welche einen Zu­
salzstoff enthält, die das Schrumplen dersel­
ben verhindert. 
Jtnwendungen d er 
I .M.-Pfähle 
• Nanterre M H 3  
Neugründung der  Fundamente eines 24-
stöckigen Wohnhauses. lnfolge ven unter­
schiedlichen Setzungen im Ausmass ven 
etwa 15 cm während der Bauarbeilen, Her· 
stellung. ausgehend vom letzien Tiefge­
schoss. ven 775 Pfählen mil 50 bis 70 Tonnen 
Leistung, urn das Gesamtgewicht ven 50 000 
Tonnen aufzunehmen. 
• Saint-Bri c e  
Miltels eines durchgehenden Spiralbohrers 
wird ein Bohrloch kleinen Durchmessers ( 1 50 
bis 200 mm) bis :rum tragenden Substratum 
hergestellt. Durch das hohle Rohr, welc:hes 
die Spirale Trägt, wird unter Druck ein Mi­
schgut ader Mörtel bis zur Basis verpresst. 
Beim Aufwärtskommen des Bohrers wird 
auch das Bohrgut an die Oberfläche ge­
bracht. Das Bohrloch füllt sich gleichzeitig 
mil Mischgut ader Mörtel. In das frische Mi­
schgut werden sogleich die Bewehrungen 
eingelührt : der Pfahl ist semi! fertiggestellt. 
Diese Methode entspricht für wenig tiefe 
(20 m) Plähle mil geringer Einheitsleistung 
(15 bis 30 t). die raschest und auf wirtschaftli­
che Art hergestelil werden. 
Sie eignet sich von:üglich lür Gründungen 
ven leichten Bauwerken. wie zum Beispiel 
kleinen Wohnhäusem. 
• Verbindung lnvali des-Orsay 
Herstellung einer I.M.-Pfahl*-Wand längs 
eines Gebäudes mil unzulänglichen Grün­
dungen ver Errichtung einer unterirdischen 
Eisenbahnlinie und Wiederherstellung der 
Abflusskanäle. 
• Museum von Orsay 
Der ehemalige Bahnhof ven Orsay wurde als 
Museum des XIX. ]ahrhunderts umge�.taltet. 
Urn die Metall-Konstruktion zur Geltung zu 
bringen. wurde das Museum teilweise als 
unterirdische Konstruktion ausgeführt. Urn 
das Bauwerk herzustellen, sind versebiedene 
Spezialarbeiten erforderlich : Grundwasser­
absenkungen. Schlitzwände, provisorische 
Erdanker. Die neue Bauwerkssohle. die urn 
einiges !ieler als die frühere zu liegen 
kommt. ist Aultriebskräften ausgesetzt. 1hr 
Gleichgewicht wird durch in Zug befindliche 
I.M. Plähle gewährleistet : es handelt sich 
urn passiva, bleibende Verankerungen. 
Ieder Plahl besteht aus 2 überzogenen Dywi­
dag-Stangen. deren Iraier Teil mit einem Kor­
rosionsschutz versehen isl.  und weist eine 
Leistungskraft ven 85 t au!. lnsgesamt wur­
den I 360 Pfähle mil Bohrlängen zwischen 1 3  
und 2 6  m hergesteil I .  
• P J eiler 
Gründung ven Pleilem durch I.M.-Pfähle. 
leder Plahl nimmt Druck- und Zugkräfte ven 
etwa 100 Tonnen auf • 
• rPE 100- M•ta11proJIIe ' 1 n  Bobrlöcbern von ISO mm Durch· 
meun und O.JO m Ab•taod rueinonder. 
Les p ieux a ig u i ! l es I . M .  
G . - Y .  F E N O U X. l ng é n i e u r  Civil  des P o nts et C h a ussées, D i recteur d e s  Etudes à Solétanche EntreprisE:. 
La tradition de Solc"tanche a taujours étê: dïnnover en matière 
de travaux de fondation. lnnover peut signif1er m::nre en appli­
cation un procédé nouvc:::u. ce peut ëtre aussi tra:\sformer une 
t cchnique .existante en Ja perfect ionnant de faç�1n remarquable. 
Ainsi. en 1 963, Ie marché des îondations prorondes voit 
apparaitre un nouveau tyre d'appui : Jes bam:nes. qui substituent 
à la forme circulaire de� pic:ux des formes recUJ.ngulaires. 
Appliqucc:s pour la prem.icre fois à la fandation du réactc:ur 
de Ja première tranche de: Ja centrale tb ::rmonuclëairc: de Sain t­
Laurent-des-Eaux. elles sont maintenant systématiquem::n: ut i­
lisi:e� pour toutes les fond:nions profoncies Jourdes presque 
dans ie monde entier. 
En J 9i4. Solc'tanche �ïntéresse aux fondations d i ff1ciles et. 
· à J'auue extrémité àe Ja ga.Inme. a ux  pieux àe faible capacite 
p0nam e.  Ceux-ci. assez ·al e r.  connus t er. paniculier en l talie\ 
se namment selon les uns. p ieux racine.s. selon les autres micro 
pieux : nous baptisons Je� nötr::s rieu x  aiguil/cs. La capacité 
u nitaire traditionnelle àes pr em 1ers est snuëe dans la four­
chette �� '30 t. 
Fi�. I .  - 1-lonumtnl bis10riqur i Sordeau).. Fondo rion prirnlll>t •ur dos 
ttrraios compr bsiblcs qui. 1 \ eC I� 1 e-mp�. o n t  anë-�· '�me-nr l a ss.é. a m c..rçanf 
d e1- d�ord rri d a ns, l t  i.UperslrUctUrt. Lt-1. ch.ari!� flOI e1t:  F C' J'IriSf:"S lU mo�·en 
dt pi<UX >ig uill<> .c<l�s dao• lo coucht résiston l<  siruët plus profol>­
dtmenl . 
6 filu ir .-.... 
, .•  ., • . • .  ,.,.uu 
Lïnnovation technique que nous apportons : Je scellernent 
de J'ancrage du pieu par injection sous pression. nous autorise., 
à d iamètre ègal, à atteindre désormais 1 00  t (fll). 1 ). 
PR�CIPfS 
Un pieu aiguiJ le 2 pour raison d 'être la résoJution d es cas 
de fonda tions dilficiles : reprise en sous-�uvre d'un ouvrage 
(un bátiment ancien est fonàe sur des pieux en bois, la nappe 
phréatiqu= baisse. Jes picux pourrissent. Je bátirnent se fiss:.ue� 
charges exceptionnelles ( lract ion et compressibn altemées d'am-
Fi�. 2. - Pal•  is dr  J uSiia: 
4• M orsd l l <. Coupt­r)'p-t dr ra nctc.r:.t' roo­
d 1 rion 'ur picu li rn boU 
ahfrti par suhr ót •a 
b•i•� dt l a  n • ppe. rri .... 
cip< dt la rr priS< . , ..,  
d t<  pirux • ii!VIII�. 
0 
R•'"bl•i  
pr• .. •l•us 
r.".;" 
•t9i'o· ••bl••u 
5 j l O m  
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P L A C{ M O N T H Y O N  
r"' p 1 e u  d e  3 2  1 inchnt  
". p u : u  d r:  5 0  1 inc l lni  
p ieu  d r:  5 0 1 v e r l tC I I  
Fig. 3. - P a l •is d e  J ustice d e  /Vt.jlrsdll<. 
Vue eo ploo precisaol la disposirion de< pieux •igui l les 
plitudes comparables), platdormes de travail exiguës l tal us). 
terrains de fandat ion exceptionnelle:nent chahut6 ( aucune 
t c:::h n ique classique n'est uti lisable)  (JÎg. : ct 3 1. 
De ce fait. il est essent iel lernent muil ifonne avec une premii:re 
c.:uacti:ristique const.ante : un faibie d iami:tre ( 1 50 mm en 
moyenne. �00 mm au maximum !. En effeL Ie  iïl d irecteur est 
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P r do r a h an  M i • �  e n  p l to c •  
l 'uti l isation de machines d e  perforatien sur mesure. clc:f de: toutc:s 
les so l u tions. La machi.;1c: d o i t, par exemplc:. forc:r à panir d'un 
sous-sol offran t une hautc:ur l ibre de: 2 rn. ou travaillc:r avec 
fone i nclinaison su r la verticale,  ou encore ètre capable d e  
traverser economiquemc:nt des couches fonemen! hi:ti:ragi:nes. 
Unc: deuxii:me ca rJcti:rist iq u e constante est d'assurer la force 
portante (ou tractrice) par des éléments mi:t.all iq ues qui. st:lon 
les cas, sant : des ra i ls de ri:cupi:ra tion. des poutrelles. des tubes 
i:pais di:classi:s. des aciers cri:f)eli:s, d es faisceaux de barres. 
U ne trois iémc: caractêristiqud. apponëc par Sol�tanche. est 
Ie sce l lemen t de J 'ancragc: par inj�tion sous prcssion. Rappelons 
q ue, pour un pieu :uguil le ordirlatre, cc:nc: phasc: n'cxiste pas. 
Cest de cc sce l ltmcnt par injection que depend la force efTec­
tivement mobil isable par Ie pieu. Le scell.ernent est generalement 
fai t  par l ' i n termi:diaire d 'un tube a manchettes, avec mise: en 
ceuvre préalable d'une gaine en coulis  de cirnent. Le processus 
d'exi:cu tion Ie plus géni:ral d 'un pic:u aiguille  est ainsi rc:présen té 
sur la ligure 4. 
Un exemple concret de pieu aigu i lle capable d'encaissc:r 
des c:ffons de compression et de traction de mëmc: valeur 
absolue est donné: sur la ligure 5. 
LES PROJETS 
Trois points nous paraissent essen tiels au n i veau des projets : 
Ie Oambement. Ie scellement au terrain encaissant, la pi:rc:nnité. 
Le jlambemt!nl 
Il est generalement admis q u·un pic:u ne flambe jarnais. 
A vee les pieux aigu i lles. l 'i:lancemen t d evic:nt tel q u e  la quc:stion 
mérite d 'étre repos�. a .foniori si I' on vise d�s for�s portantes 
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Mande!, dans les Annales des Poncs ec Chaussées, donne 
en 1936 une formule théarique permettant Ie calcul de la force 
de nambernent d'un pieu chargé axialement 
La figure 6 explicite les ootations ; n est un en tier cho isi pour 
donner la plus faible valeur de F, . 
Le premier tenne de la ' formule correspond au Oambement 
d'une poutre aniculée à ses deux e:urémités. c'est la force 
critique d'�uler : 
Le second tenne correspood aux réactioos élastiques du sol. 
En 1 973, Soli!canche a conduit pour soo compte une série d'essais 
en vraie grandeur, en vue Je comparer leurs résultats à ceux 
des calculs théariques. 
TABLEAU I 
Sols reconstitués . . 
Type de pieu A l'air Type 
. . libre Type arl!ile tourbe m � lle 
Barre d'acier I 0 20 mm . . . . . . .  ( 1 )  - -
Barre d'ac:ier 
0 �0 mm 
a vee ' 
2aine de ciment : 
0 60 mm 
hors tout. . . . . . .  (2) (3) (4) 
Gaine de ciment 
-
0 60 mm . 
hors tout . . . . . . . - - (5) 
Ces essais ont po rté sur 5 pieux à !'air libre, et dans des sols 
reconstitués sullisament médiocres, pour que !'on ait des possi· 
bili tés d'obtenir réellemeot Ie Oambemenl. 
Ch.aque pieu avait 4 m de longueur. 
T ABL.EAU 11 
Force criligue ( k N) 
N" Observations d'essai E�péri· Théo-
men tale rique 
( 1 )  . . . . . . .  1 ,4 1 .0 A I' air libre 
(2) . . . . . . •  7, - 5 , - -
(J) . . . . . . .  20, - 30. - Tourbe 
(4) . . . . . . .  40, - 40 - A rgi le malle 
(5) . . . . . . . 8, - 35 :i 40  Flex.i o n  parasite lors 
de l'essai 
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Pieu a11 caurs  
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L ou 2 l :  longuour du piu 
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IUUChUI du bi tlmtnl 
1 r 1cöne perdu 
P 1 E U  A I G U il l E  O E  R O U BA I X ·TOU R C O I N G  
fi&. 7. - Cou�rype e t  disposirir d 'tssai. 
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Le dét.ail dc:s c:ssa.is C:l des résul tats a fait robjet d"une pubti­
cation ( i ). 
Nous oous lim i tons ici à donnc:r u�e synthese des résultau 
c:t quc:lquc:s commc:ntaires à usagc: pra tiquc:. 
On note l'importance de la gaine de ciment qu� toutes ch·oses 
ég.alc:s par aillau rs. muhip li_e p:tr 5 1a force de n�bc:T?�nl [ compa­
ra1SOO ( I )  et (2)). Toutcfo 1s., seule (5) cc:ue game pent prématu­
rànen t. sans doutc: par suite d"unc Oc:x.ioo parasite imposèc 
par un di spos itif d'c:ssai peut-étrc imparfait (rappelons qu'il 
s'asóssait d'c:ssais sur chantjcr et non en laboratoire). Son utilité 
est- co outrc: just iCiCc: pour 1á proteetion contrc la corrosion. 
Cc sont essentiellement les tssais (31 et (4) qui correspondent 
a des cas réels. IJ en résulte, pour nos projets, l'utilité d'adopter 
unc: sécurité vis-à-vis d es valeurs théoriques. En généra1, nous 
calculons avec un coc:fficicnt de: 3. 
Le scellemem 
La force portante d"un pieu aiguillc ne saurait ètre simplcment 
calculó= par les fonn ules util isees pour les pieux forés qui 
conduiscot, dans cc: cas, à des valeurs de fiche: peu réalistes 
eu éga.rd à ce que l'oo constate pratiquemenL 
1 1  s"agit de mobil iser la force ponante par frottement latéral 
cssentiellemenl, ct ceci dans les meilleures conditions possibles, 
ta ot techniqucs qu'économiqucs. Dans cc: domaine, SQ/hanche 
sail bico cc: quc l'injectioo sous pression peut apponer pour 
arnéliorc:r, dans des pro·ponions appréciablc:s. la mobilisatioo 
eifectivc: d u  frot tement latèral. Les expericoces soot oombreuses 
cl divc:rsc:s depuis les tiran ts d'ancragc: jusqu'aux pieux métal­
liquc:s de tous d iarnetres. 
Uoc: analyse bibliog:raphique de ces expérieoces a été faite eJ 
ainsi que de nou veaux ess.ais en vraie grandeur e). I 
L� conclusioos som remarquables : l'injecrion pennet de 
multiplier par 3 les  forces mobil isables et cc:. mémc: si Ie foragc: 
a traumatisê le terrain encajssant. Ainsi. l"utilisation du pro­
cedé d"injection sous pression nous permet d'envisager de 
multiplier par ::. la force ponan te d'un pieu aiguillc: sans changer 
la longu�ur d_e Ciche_ qui, d"�crage dcvient_ de scellemenr .  Toutelo•s, la  prudenee nécessaire au niveau d'un Bureau 
d'Études incite à recommander Ie plus souvent possible des 
�sais en vraic: grandeur in sicu pour confiriner Ie bien-fondé 
de la théoric. 
Nous avons choisi deux exemples récents : 
Ie pieu aiguille de: Roubaix-T ourcoing est strictemc:nt 
uo pieu d'c:ssa.i. c'�t-à-dire préalable aux travaux : de cc: 
fait, il a cté charg.é à pres de 2 fois la future charge de 
sen�cc: tfUJ. 7. 8 ct 9).  
uo des pieux aiguillcs cssayés à Naotcrre fait partie d'un 
ensemble rèa l isé pour la reprise en sous-a:uvrc: d'un 
bätimem cxistanL aussi o'a-t-il pu être chargé qu'à 1..25 fois 
la charge de service {JUJ. 1 0, 1 1 , 12 et 1 3). 
Dans les deux cas. il �� in teressant de noter que. selon Ie 
critére de Cambcfort-Chadeisson. la charge cri tiquc n 'a pas 
été obtcnue. 
Lil pérennicé 
La force portante du projet est assurée uoiquemcn t par 
l"acic:r cons tituant Ie pieu. Qui dit acier dans Ie sol pcnse corro­
sion. Nous proposons quclques remarq ues a cc: sujet . 
( 1 )  BlJSTA).lE)o{TI, GA BAIX et GOI.'VEI"OT. - Es�••s de pic u �  snllés par  
inJeetion sous  �ssion . . � nnaln J .T .B .T .P  . . septcmbre 1 975 .  
(' J Gouvn.;oT. - EssJil  de chargement  et de fi a m bc mc n 1  d e  p i c u 1  
a i g uilles.  AnnaltJ I .T .B .T .P . ,  décem b rc 1 975. 
( ') GoUVEI'OT - Essa i s  en fr>nce el i l 'etrangcr sur  Ie  fronemcnt 
l.,éral en roo d a � i o n . A md i o r a t i o o  par i njcctioo.  Tra,·aux, novembrc 1 973 .  
. . 
i 




PIEU AICUilLE DE R O U BA I X ·TOURCOINC 
Chorgo o n  k N 
225 , 450 575 !00 1125 1350 1570 1700 
Fi�. 9. - Courbc c..bu�e-vili.'S� d ' o o (oncemenl 
(crirèrr dt Cambcfon-Cbade i5SOn). 
Hormis Ie cas rare des pieux travaillant exclusivement en 
traction, la piupart du temps oo us avons aJTaire à des pieux 
comprimés pour iesqueis les vitesses de eerrosion sont notei­
rement très inférieu res à celles que !'on pçut craind re pour 
des aciers tendus tels que les tirants défini t i is par exemple. 
L:!s mesures de proteetion sïnspirent donc de celks adoptées 
pour les tirants, avec un allégement ainsi justifié. 
Cou�-<y� d'uo pitu. 
C o up�g_po r t i o l l e  
• � ·  • 5 2  
t SO  
Coupo o n  t r 1 v 1 r s  - · 18  
P I E U  A I G U I L L E  O E  N A N T E R R E  
' ' "' '  
' '  -- I ' 
. . . 
La longueur de scellement est protégée par Ie cimen_t injecté. 
Le procédé employé pour cette injection est soit Ie tube à 
mancbettes classique, soit un systéme comparable. Dans tous 
les cas, cene injectioo nécessite l'exécution préalable d'une ' 
gaine en couiis de ciment qui assu re une seconde protection. 
La longueur libre reçoit gênéralemeot une double proto::­
tion : la gaine en coulis de ciment en constitue une première . 
la seconde e.:,; cor.�;i tuée sdo n  les cas soit par une peinture 
brai-époxy (cas è es pieux de :-.ïanterre) mise en o:uvre par . 
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P I EU  A IGU I L L E  DE  NANTERRE  
Fig. 1 1 . - Oisposirif d'essai. 
Fi1:. 1 2. - Courbe ch• •E�nfonctmtnl • 
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PIEU AICUI L L E  iii NANTERRE 
fie.  1 3. - Cour!>< ch>r�o-•i l �  d'cnfl><lc<m<nt (crittre de Caml><for1-Chadeisson). 
Fi�. I •· - Ptot ecrion de barres ( T 40) 
p•r rrr-m p1ge d ll ns un br•i�pox� . 
trempage des barres, soit par une peinture spèciale type Îninium, 
appl i quëe en deux couches (cas des pieux de Marsei l le P:�lais 
de J ustice ) 1 .{1{1.  1 4 1. 
C.:� di,·ersc:5 d isposi t ions n ·ont rien de r i !;iJe ct doivent. en 
!"absence d'un . p.T.U. OU de régles équivalentes. faire robjet 
d'approbations au coup par coup par les Bureaux de Comröle. 
L'EXÉCUilO� PRA TIQl.TE 
La pP� {nr ar io11 
IJ s·agi! de Ja ph� cri t ique . cdle pendant Jaquelle une fonda­
t ion dèià insuffisante peut étre encore gr<Jvcmcnt sur�ollicuée 
si des prëc:.� utions ne som pas pri�s. Cest pourquoi on n·a 
presque Jamais rccours ä des procédés tcls que banage ou 
,-ibrat ion mais surtout à la rota t ien {fig. 1 5 ) .  
Les mach ines deivent  pouvoir  trJ va i l ler  sous h:JUteur rèdui te, 
2 m par excm ple. E lles son t adaptees, plus ou moins bien. à 
eet usage spècifique (flg. 1 6). -
Autant  que possible on évi te Ie tubage proviso i re, dont la 
mise en a:uvre et Ie retrait son t autant de ca uses d 'ennuis .  Une 
solution élégan te consiste. si nea:ssaire. à u ti l iser Ie tubage 
comme définit if  et à lui fa i re · en trJiner rou t i l  de perfora tien 
perdu (cas du pieu de Roubaix-Tourcoing). Vitesse d"exécu tioo 
el  abse::nce de dëcompress ion im portan te sont a.insi assurëes. 
Souvent.  on a recou:-s :i la perfora t ien sous boue bento­
n i t ique de façon aoalogue j cc q ui se fa i t  peur Ie for:�ge des 
pieux. Si de plus, oo eraint des penes de boue.  on fai t  appel aux 
boues speciales type boue-<:imc:nt. De cetle façon ,  on assure 
6 
- - -- - ---- · · - · -· ---
�'7;"-�:· ': "· . .. :·-.- . i . . · . ; . .. . . :' · · ... ; -... :-.. - . , . .. . 
Fi�. 15. - Outillaer i roution type Crae/ius XCH PO. 
Fie. 1 6. - Outillae• i rourion rypc Hauslt�rr HBM 12 
a vtc el issiert spëcialt. 
Fie. 17. - Soudure rntr< 2 élrment<  de  tut>t 1 09 ' 1 27 mm. 
. •  tO l ' . 
une vëri table · pre-injeetien du terrain eneaissant (a vee une 
.: simple pression gravitaire). Dans les cas de terrains réellement 
instables. tels que la perforatien ne peut se continuer sans 
risques, on laisse la boue-ci.mem fa ire prise et on reprend Ie 
forage quelques heures plus tard. 
Les ·diarnètres de perforatien •. sent gènéralement compris 
en tre 120 et 200 mm. 
i 
I I - 6 • J O m �  
J a 5 m a nc h e t l e J  
f ï e .  1 9. - Pi•u 
�a rubt- mtul. 
l iqu• d• rtcup(­n tion d t  ror�ge 
p< troliu :.a v rc 
r t t r  no\ tt dan.s unt lon.�rint ta 
bëton a rmêo. 
.... 
La mise en CEUvre des équipemenrs · 
/ 
Fic. 18. - JOGctiOII pleu­
cmb•� de pylonc lieoc H.T. (cf picu fig. 5). 
Sau[ pour les cas oü la hauteur l ibr� pennet la mise en p lace 
d'équipements monolithiques, i! s'agir d'assurer la jooction 
en tre des éléments de lon[!ueur unitaire inférieure a la hauteur 
libre : 2 m par exemple si on travaille à panir d'u.n sous-sol 
ou t!'une cave. 
Deux types de raboutage som principalement utilisés : Ie 
manchonnage et la soudure. 
Les rnaochons peuvenc �tre vissés ipar exemple avec des 
barres Dywidag. )Îg. 5) ou encore sertis. Dans ce deruier cas, 
sercissage du manchon et alésage des barres som faits e:o usine. 
Un point de: soudure et un collage à la résioe complétent la 
jonction. Si I'èquipemenr est constitué de plusieurs barres, 
on prend soin de décaler les niveau."\ de jonction (jig. 10). 
La soud u re exige des précautions tant au niveau des spéci­
fications qu'à celui des soudeurs. Ceux-ci deivent avoir un e  
quali/ica tion spèciale. Dans ces conditions, i l  est possible 
d'obtenir des raboutages de grande qualité. L'.exemple de la · 
figu l":: 1 7. soudure entre tubes 109/ 1 27 mm. illustre ces propos. 
Des essais de traction condui ts sur des éprouvettes prismatiques 
découpées dans un rube de part et d'autre de la jonction ont 
donne des valeurs supérieures à celles de l'acier constituant 
les tu bes eux-mêmes. 
La jonccion pieu-supersrruccure 
Ce se-rai t  une banalité que d'écrire qu'i1 s'agi·t chaque fois 
d'un cas d'espèce. mais c'est sim plcmen t la réalité. 
La tigure 2 montre une jonction assurée par scellement 
entre les barres et la maçonnerie encaissante au moyen d'unc 
injection de co u lis de ciment (C/f = 2). 
La fi gure 18 correspond au pieu de la tigure 5. capable de 
tr:11 smettre au terrain alternativement des etforu de tractioo 
<!t de Cam pression pour une fondation de py!öne de Jigne 
hau te tension. tJn massif en �ton assure la liaison avec les 
embases des pieds du py!öne (i! y a un pieu aiguille par pied 
et -1 p i eds par p� iöne). Ces embases sont constituees par deux 
comi ères entrc ksquel les passent les barres d u  pieu. L'ensemble 
est fre t té. 
La fi gure ! 9  reprr-sente un pieu réalisé pour une rond ation 
neuvc:. La tè te du tube const i t uant Ie pieu reço it  un d isposiüf 
spécial. l 'enser:1bk est noyt! dans la longrine en beten armé. 
7 
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Fic. 10. - Monaco. Cou�ry� d'unt fond• tion nruvr sur pieux a i �uilles, 
adapltt aux cond i 1 ions loc.tle$ rourm<nltcs. 
Tous ces dispositifs sont relativement sirnples. 11 peut être 
necessaire de prèvoir des systé:mes pl us complexes avec des 
vérins. Cest Ie cas d'une rerrisC' en sous-a:uvre d ·u n e  const ruc-
tion qui wse. avec des rnouvcmeots non nègligcables d'un 
jour sur l'autre. Le repon des charges sur les pieux aiguilies 
doit se faire par vi:rins. afio de contrölcr qu'aucun des picux 
n'est pro\'isoirement surcharré. On peut é:galcment souhaitcr 
pouvoir remc:urc: ä n ive.Ju unc: construction qui a pris . un 
tasscment d iR"tren t ic l  notable. Enfin. iJ est quelq uefois cnvisagé: 
de desol idariser J'ancienne rondation de la nouvel le au niveau 
des Jongr-ines ou des massifs d'assise. Cc SOJl !/d es  opérations 
assez dèlicatcs. à condu irc avec soin. après f(n e anal vsc de tous 
les élé:men ts (tasscment é:lastique de la 1 nouvelle. fomlation 
en paniculier). · 
CONCLUSION 
Les progrès accomplis rC:a:mment dans Ie domaine des 
pieux aiguilles leur ouvrcnt un dornainc d'application élargi 
et non plus limité aux sculcs traditionnellcs reprises en sous­
reuvrc:. 
Un récent chaotier effectué à M onaco pO UI fondcr un bätirnent­
tour est d onn è à titre d'exemple (ftg. 20). Gráce à des rcronnais­
sances nombrcuses. Ie terrain de rondation apparaissait pour 
Ie rooins extrémement complexe. Les solutions radier général, 
injection, gros pieux furcnt ecartées au profit de la salution 
pieu-aigui lle. La souplesse de cenc techniq ue a permis d'adapter 
la fendation aux condi tions du sous-sol et rexamen d'uoe 
ligne de pieux (parmi d'autrcs analogucs) telle que figuréc est 
éloquent. Bien ent endu, la longueur de chaque pieu a été déter­
minéc au coup par coup en fonctioo du terrain rencontré à la 
perforation. Le t;.pe de pieu utilisé correspond à celui de la 
figure 1 9  (60 t de force ponante unitaire en conditions de 
charge norma1es). 
G. Y. IT:"''OL'X 
Extrait  de 
C O N ST R U CTI O N  
T .  X XX I .  n o  6 (j u i n  1 9 7 6 )  




LES TECHNIQUES REGENTES 
LES P IEUX 
AlGU ILLES 
les pieux réa.l isés par SOlETAN C H E  ENTREPRI­
SE son t des pieux torés d e  fa. ible sec t i o n  (oll  micro­
pieux).  fortement armés. l e u r  emploi  est mul t ip le  
part icu l ie rement dans . Ie cas o û  les p rocédés tra­
dit ionnels d e  Iondation son t  di flie i l es. trés onéreux 
ou même i m possibles à m ettre en c:euvre. 
la Société SOlETANCHE l e s  réalise depuis u n e  
q ui nz a i n e  d'an nées : 
- soit pour reprendre en sous-c:e uvre d'anciennes 
fondations,  usage auquel  se prê t e  bien I e  p rocédé 
car ces pieux peuvent être exècu tés avec des outi l­
lages d e  faible encombrement,  peu b ruyants.  peu 
sal issants, capables de traverser tout  obstacle sans 
p rovoquer d ' é bran lements : 
- soit comme prem ière tondation d 'ouvrages tels 
q u e  ponts,  s i los ,  pylö n es ,  i nsta l lations d iverses. 
Les pieux aig u i l les sont p a rticu l ièrement i n t e res­
sants pour des fandalions soum ises à l a  tois à des 
efforts d e  compressi o n  et d 'arrachement,  à d es 
elfa rts de flexion dus à des remblais par exemp l e  
ou à d e s  frottemen ts n égatils. 
- soit pour constituer de petits r ideaux de sou­
tèn ement  pour rentoreer u n  b l i ndage o u  pour  amë­
l iorer .  par c l o u tage,  la résistance m é c a n i q u e  d ' u n  
t a l u s  ou d ' u n  m assif porteur.  
T E C H N I O U E  D ' EXECUTION 
D ES P I E U X  A l G U I LLES 
La technique d 'exécution des pieux a i g u B l es bé­
néficie. depuis q ue lq ues années, des p rocédés mis 
a u  point pour l es t i ra n ts. Compie tenu de leur fa ib le  
diamétre. la  gamme d es procédés d e  forage dont 
on dispose est  très étendue.  La méthode d e  per­
foratien est  évidemment fonction d u  terrain d"an­
c rage e l  des contra i n les imposëes t e l l es que : en­
comb rements.  n u isances dive rses, etc. 
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On peut emp loyer, par  exemple,  Ie lançage ou Ie 
batlage dans les terra i ns  meubles d e  texture f ine,  
la percussion-rota t ion ou la rotat ion avec out i l  d ia­
manté dans les horizons d u rs et coherents.  
L'a rmature est fonct ion des contrainles deman­
dées . On ut i l ise hab itue l l emeot des tubes, des 
barres ou des prof i lés d 'ac ier  de d iverses nuances.  
Actuel lement, on  trouve sur Ie  marché d es ac iers 
de l im ite élastiq ue él evée q u i  permettent de  réa l iser  
des p ieux d 'une sect ion réd u i te et d ' u ne capacité 
importante. 
Dans la p lupa rt des cas. la proteet ion de l 'ac ier 
contre la corros ion est assu rée par un cou l i s  de e i­
ment remp l issant l ' espace entre l ' a rmature et les 
parois du forage.  En effet, hab i tue l lement Ie  pieu ne 
sub issant  que des contra i nles de compression ,  i l  n 'y  
a pas de r isque de t i ssu rat ion de la  ga ine  d e  c iment 
Si  Ie pieu doit t rava i l l e r  a l ternativement à la tract ion 
et à la compression,  son armature peut  être pro­
tégee par une ga ine en cou l i s  p last ique comme 
la part ie l ibre d 'un t i ran\ .  
Souvent, af in d 'éviter une  f iche trop longue ou 
pour amé l io rer  les caractérist iques de la  couche 
d 'ancrage, i l  est necessa i re de  scel le r  l ' a rmat u re du 
pieu a igu i l le par  in ject ion sous p ress ion .  Comme 
pour Ie scel lement des t i rants, Ie procédé do i t  per­
mettre la m i se en ceuvre de la press ion l a  p l us éle­
vée compatib le avec la textu re du  ter ra i n .  L 'u t i l i sa­
tion de tube à manchetles est q uelquefois neces­
saire. 
La l ia ison avec la st ructure est Ie p l us  souvent 
réal isée en noyant l ' armature du  p ieu d ans I e  béton 
du massif d 'appu i .  S i  necessai re, l ' adhérence peut 
être amé l io rée par i nject ion sous p ress ion  d 'un  
• cou l i s  de  scel lement.  On  peut · ega lement  assu rer 
cette l i a ison en soudant ,  si cela est possib le ,  des 
sp i res ou une p laque sur l ' a rmature .  Bien d ' autres 
procédés ont été imag i nés pou r des cas pa rt icu l iers. 
CARACTERISTJ QUES 
DES PI EUX AlG U ILLES 
La capacité nomina le  du  p ièu est cel le de  son 
armature. Su ivant les règ les des construct ions mé­
ta l l iques, I e  taux d e  travai l  de  l ' ac ier  peut  at­
teindre les 2/3 de sa  l im ite é last ique .  l ' a rmature 
qu i  supporte l ' effort Ie transmet au sol pa r  f rot­
tement de l 'ac ier  s u r  Ie cou l is  de sce l lement.  
L'adhérence ac ier-cou l i s  reste généra lement  dans 
des l im ites admises,  so i t  10 kg/cm� pour des su r­
faces I isses. Compte tenu des n ua nces d 'ac ier  dont  
on d ispose actue l lement ,  i l  est  possib l e  de reprendre 
des charges de 1 20 t avec un  tube 5" de 1 0  mm 
d 'épaisseur en ac ie r ,  d ' u ne l im ite é las t ique de 
50 kg/mm� ou avec un  faisceau de 6 ba rres de  
32 mm en ac ier  Fe  E 40. 
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La tota l i té de la charge du p ieu est t ransmise à 
la couche d 'ancrage par frottement latéral  d u  cou l i s  
cie scel lement s u r  Ie terra in ,  la rés istance e n  poin te 
étant en général  négl igeable.  Dans I e  cas de p ieux 
scel lés sous press ion - qu i  est  à rappraeher  de  
ce lu i  des t i rants - on t ient  compte d e  l a--cTeation 
d 'un  butbe d 'ancrage ei l 'on est ime l a  s u rface latérate 
equivalente su ivant les quantités i njectées et  Ie mode 
d ' i nject ion.  De très nombreux essais ont été effectués 
af in de déf in i r  I e  coeff ic ient de majorat ion  à p rendre 
en compie. 
Ou fait  de  la  fa ib le section des pieux, l e u r  e lan­
cement est souvent important,  que lquefo is supér ieur 
à 50.  Toutefo is ,  on ne connait pas de p ieux a i ­
g u i l les ,  même imp lantés dans des terra i ns  de  t rès 
mauvaise qua l ité, qui aient flambé. L 'étude théor ique 
de MANDEL parue dans les Anna les d es Ponts et  
Chau ssées en 1 936 expl ique cette constatat ion .  
Cette théorie du  f lambement d 'un  p ieu  dans  u n  
coul is d ' u ne certaine raideur peut être ut i l isée pour  
vérif ie r  l a  sécu rité au  f lambement  dans  les cas 
l i t ig ieux. 
Le raccourcissement élastique sous cha rge d es 
p ieux a i gu i l les peut être important et dans  certa ins  
cas, i l  l im ite la  charge maxima le  app l i cab le .  S i  
aucun tassement n 'est toléré, i l  est possib le  de 
mettre en pré-compression l 'armature d e  façon ana­
logue à la mise en lension des t i rants p récontraints .  
QU ELQU ES R EALJSATJO NS 
D E  PI EUX A lGU ILLES EN 1 973 
1 .  Reprise en s ous-ceuvre des fondations de l a  
Poudrerie PARTCHIN  
La Poudrer ie est fondée su r  des sernel les en  
béton reposant su r  des l i mons sab leux. Des d é-
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sordres importants étan t  apparus,  ces tondal ions ont 
été reprises par des p ieux aig u i l l es traversant les 
sernel les des long r ines,  des p i l iers et des socles,  
et f ichés dans de la  marne compacte vers 13 m de 
profondeur. 1 28 pieux ont été ettectués en 1 973 
et un nombre à peu près égal est en cours de 
réa l isat ion. La moi tié est implantée à l ' i ntér ieu r d ' un  
bät i ment de 5 m de hauteur  sous p lafond .  Ces 
p ieux de 1 5  m, en m oyenne,  de longueur  ont été 
forés à rotatien en 1 40 mm de d iamètre. l i s  sant 
armés d 'un  tube épais 3 "  1 /2 et supportent  une 
charge maximum d e  5 5  t .  
2. Fandation de trois da lles à l ' intérieur d e  l 'usine 
d e  longuevllle 
Le p lann ing exigeait que les tondal ions de trois 
nouvel les machines-out i ls  soient réa l isées en mo ins 
d ' un  mois à l ' i ntér ieur de l ' us ine  en tonctionnement. 
Les tro is  dal les prévues ont  été fondées sur 84 
p ieux a igu i l les, a rmés chacun d 'une  b arre Tor 4D 
Scel lée dans un to rage de 1 50 m m  d e  d iamètre.  Les 
terrains traversés camportent 1 0  m d'a l luv ions tour­
beuses,  8 m d'arg i l e  consistante pu is  de l a  craie.  
La capac ité de chacun des p ieux est de 25 t .  
L o n s u e v i l l e .  
3.  Fandation de nouvelles insta l l a tions à l ' lntérieur 
de la S u c rerle de C a m b rai  
Les nouvel les insta l lat ions étaient à tonder  à l ' i n­
téri eur  de l ' us ine en fonct ion nement, au ras d 'an­
ciennes structures reposant sur des p ieux de bois 
et e n  bordure de fosses. 
Pour reprendre les efforts vert icaux et ho rizontaux 
des appuis ,  i l  a été réal isé 50 pieux vert icaux et 
i nc l i nés jusqu'à 35 %. Ces pieux sant répart is 
sous chaque semelle par groupe de 3 à 1 5 . l is 
ont été fo rés au d iamètre de 1 50 m m ,  dans  1 0  ;n 
d'a l l uv ions et de remb lais avec obstacles,  4 m de 
craie a l térée et 6 m de ca lca ire à s i l ex. l i s  sont 
armés de tubes épais 5 " .  � 
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4. Cloulage d'un talus en bordure de la voie ferrée 
Versai l l es-Chartres 
Afin d 'é larg i r  la  p lateforme terrovia i re à la  sortie 
vers Chart res de la g are Versa i l les-Chantiers,  i l  était 
nécessaire de rédu i re l ' empattement  d ' un  ta lus 
- par conséquent d 'en raid i r  la  pente - peu r cons­
tru ire ensu ite Ie mur  de soutènement détin itit. Ce 
ta lus de 1 km de long et 25 m de haut  se développe 
dans des sables légèrement arg i l eux. Pour amél iorer 
les caractéristiques de ce matér iau,  on  a " c louté " 
la paroi d u  ta l us au tur et à mesure du terrasse­
ment par des a igu i l les de 4 à 6 m.  Chacune d 'e l les 
est const i tuée de 2 barres d e  1 0  scel lées dans 
un  torag e de 1 00 mm de d iamètre. 1 1  a été plac� 
1 00 000 m d'a ig u i l les à raison de 2 par m� pour 
une su rface de. ta lus consol idé d 'environ 1 2  000 m2• 
V o l e  lerrée Versall l es·Chartes 
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Le pieu I.M. (I. pour inj ection. M. pour métal) ap­
partient à la familie des pieux de petit dia­
mètre (inférieur à 250 mm) qui ont un grand élan­
cement (supérieur à 30). Étant donné leur faible 
section, ils travaillent essentieHement par 
frottement latéral. 
Le pieu I.M. offre la particularité d'être fortement 
armé. Il résulte de la mise en place d'une arma­
ture et de son scellement dans un trou de diamètre 
suffisant pour la recevoir et dont la direction - qui 
peut être quelconque - est conforme au projet. 
Le scellement de l' ancrage du pieu par injection 
lui confère une càpacité qui peut atteindre et 
même dépasser 200 tonnes. 
i nté rêt d u  p i eu  i . m . 
De ses caractéristiques découle une série 
d'avantages d'ordre t echnique et d'ordre écono­
mique. 
• Son armature, qui en constitue l'élément es­
sentieL lui vaut de présenter un moment fléchis­
sant important eu égard à sa s ection. Elle lui 
permet d'absorber des efforts de traction ou d'ar-
rachement. Le pieu I .M.  fonctionne alors comme 
un tiran! et peut eneaissar des efforts alternés de 
compression et de traction. Malgré son faible 
diamètre la sécurité au Hambernent est assurée, 
même dans un sol de faible raideur ( 
• Grêxce à sa petite dimension, son exécution 
peut se faire à l'aide d'un outillage léger, dé­
montable, de faible encombrement. capable de 
fonctionner avec une inclinaison quelconque. Un 
tel outillage est particulièrement adapté quand 
l'espace disponible limité (cas de reprise en 
sous-oeuvre par exemple) interdit l'emploi d'ou­
tillages clas siques .  
L a  légèreté d u  matériel utilisé a pour corollaire d e  
faibles coûts d'amenée et d e  repliement. 
• Sa mise en oeuvre, à base de forage. n' entraîne 
que peu de bruit, peu de salis sure et pratique­
ment aucun ébranlement. 
Le forage passe dans n'importe quel milieu et 
peut s'accommoder d'obstacles ou de vides. 
Quant au scellement. il permet de lier aisément le 
pieu I.M. à la superstructure. 
De plus, la possibilité de le réaliser par injection 
sous pression permet d' améliorer les caracté­
ristiques du terrain dans la zone ou l' effort est  
reporté. 

SABLE OU CUJSIEN 
lmm euble mitoyen 
R I O EAU OE ---.. 
P I EUX I . M .  
Tranchée pour égout -----' 
BATINERT 
Reprise en sous-ceuvre des fondations 
d'un immeuble de 24 niveaux (photo de 
couverture). A la suite de tassements 
différentiels de l'ordre de 15 cm en cours 
de construction, exécution, à partir du 
dernier "sous-sol. de 775 pieux de 50 à 
70 tonnes de capacité pour reprendre la 
totalité de la charge - 50 000 tonnes - (plan 
d'implantation ci-contre à gauche). 
C o u l i s  
de g a i n e  
T u b e  a 
m a nchelies 
Ce ree 
M a n c h o n  
2 T o r  40 
Tube e ------------�-­
m a n c h c l l c s  
2 To r 4 0  -----=­
ou 2 T 4 0 + 1 T20 
M a n c h o n  
E E 
0 Lil 
OU 2 T 40 + 1 T 2 0  
SOUTÈHEMERT 
Exécution d'un ride au de pieux 
I.M. * le long d'immeubles à fon­
dations superficielles (photo de 
droite) avant réalisation d'une 
ligne ferroviaire souterraine et le 
rétablissement des égouts. 
Profilés métal!iques IPE 1 00 dans des 




Fondation de pylones 
par pieux I . M. 
Chaque pieu reprend 
des efforts de compres­
sion et de traction de 
1' ordre de l 00 tonnes. 
Pieu I .M. 
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• m 1se en  reuvre 
• 1\rmature 
Elle peut revêtir des formes très diverses (barres .  
tubes, poutrelles, rails . . .  ) pour s'adapter a u  
mieux a u  problème posé. L e s  armatures l e s  plus 
usuelles figurent avec leurs caractéristiques 
dans le tableau ci-eontre. 
L'armature, bien que protégée eontre la eerrosion 
par le eculis de seellement dans lequel elle sera 
noyée une fois en place,  peut être préalablement 
enduite d'un produit antieorrosif (goudron, brai­
époxy . . .  ) . 
• Forage 
Son mode d'exéeution dépend de la nature des 
formations reneontrées (terrain, maçonneries. 
obstacles divers), de la dispos ition des lieux, du 
projet.  De teute faç on, on choisit Ie mode de perfo­
ratien et ! ' outillage eapables de donner le meii­
leur résultat dans le minimum de temps. 
• Scellement d e  l ' armature 
Le seellement as sure la transmission des 
contrainles exereées sur le pieu I.M. au terrain 
eneaissant. De sa qualité dépend partiellement 
la qualité méeanique de 1' ensemble pieu-terrain. 
Le seellement est réalisé au moyen d'un eculis 
fortement dosé en ciment additionné d'un ad­
juvant destiné à éviter le retrait. 
Le eculis est mis en plaee soit par gravité, soit par 
injeetion sous press ion, le ehoix de l 'une ou 1 '  au­
tre méthode dépendant des conditions géoteeh­
niques et du résultat que I' on eherehe à atteindre. 
princ ipaux types. de p ieux i . m .  
DÊFINITION DE L'ARMATURE CARACTÊRISTIQUES GÊOMÊTRIQUES CAPACITÊ NOMINALE ' 
Limite Diamètre Sectien Inertie 
TYPE D'ARMATURES Dimensions élastique minimum du d'acier de l'acier 2/3 0 ea.Sa 1/2 0 ea.Sa 
en mm 0 ea fora ge Sa la en t en t 
en kg/mm2 en mm en cm2 en cm4 
PROFILE IPE 1 00 x SS x 4 24 1 50 1 0  1 7 1/16  1 6  1 2  
0 46/60 
39 100 12 43 3 1  23 53 42 31  
0 70/89 39 1 20 23 189 6 0  45 53 82 62 
TU13ES 0 97/ 1 1 4  
39 1 50 28 394 73 ss 53 100 75 
0 109/127 39 170 34 584 BB 66 53 1 20 90 
0 157117B 39 200 50 1 728 130 98 53 1 7 6  1 3 2  
0 20 T 40 60 à 250 mm 3 suivant Ie 8 6 0 32 T 40 suivant Ie 8 nombre de 2 1  1 6  BARRES 0 40 T  40 nombre de 13 barres et Ie 3 4  2 6  ET 0 26 DY 80 s 28 2 1  
FAISCEAU 0 33 DY BO barres du 8 diamètre 45 33 
DE 0 36 DY BO laisceau 10 du laisceau 53 40 
BARRES 
6 0 32 T 40 1 50 48 129  1 29 97 
4 0 36 DY BQ 150 40 129 2 1 2  1 60 
' Cette capacité est déduite de l'application du D .T.U. 13.2,  Fondelions Proiondes (juin 1 97B). 
appl i cations 
D'une façon générale, la facilité de mise en ceuvre 
de ces pieux ainsi que leurs propriétés mécaniqueg­
en indiquent l'emploi : 
• chaque fois que I' on a à reprendre de faibles 
charges dispersées pour lesquelles le pieu ordi­
naire est surabondant, 
• pour des travaux dont le faible volume est hors 
de proportion avec les frais d'amenée et d'instal­
lation d'un outillage classique, 
• lorsque la iondation doit reprendre des efforts 
alternés de compre s sion et de traction, 
• chaque fois qu'il y a risque de rencontre d 'obstci­
cles tels que anciennes fondations, bloes, couche 
dure, etc . ,  qu'il serait très onéreux de traverser en 
forage de grande section, 
• toutes les fois que l'on doit au départ traverser 
sans ébranlernent des massifs de maÇonnerie, 
• quand l'espace disponible est réduit au point 
que la manceuvre de matériel classique est impos­
sibie ou très difficile.  
Les cas qui illustrent ces deux derniers points s e  
rencantrent fréquernment e n  matière d e  repris e s  e n  
sous- ceuvre et d e  rideaux parafeuille en petits 
pieux jointifs ou faiblement espacés,  domaine 
dans lequel les pieux I.M. excellent particulière­
rnent. 
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PALAIS DE JUSTICE DE 
MARSE ILLE 
R E P R I S E  D E S  FON DATIO NS PAR P I E U X  I . M .  
• 
PRÉFECTUR E  D ES BOUCHES-DU -RHÓNE  (SERVICE DES BÄT I M ENTS OÉPARTEM ENTAUX)  
1974 -1976 





L e Pa l a i s  d e  J u s t i ce d e  M a rs e i l l e .  p l u s  q u e cenle n a i re,  
est u n  b ät i m e n t  d e  3 à 4 n i veaux,  d ' e n v i ro n  60 x 50 m .  Sa 
façade est ornée d ' u n  péristyle d e  6 c o l o n nes.  Une e n c e i n t e  
intér ie u re d e  1 7  x 1 7  m s u p po rte u n e  c o u p a l e  à u n e  d i z a i n e  d e  
mètres d e  h a u te u r  a u -dessus d e  l a  s a l i e  des p a s  perd u s .  
Les c h a rg e s  s o n t  rep rises par  d e s  m u rs p o rte u rs e t  d e s  c o ­
l o n nes re posant s u r  d es s e rn e l l e s  d e  g ros béto n d e  2 à 6 m d e  
h a uteur ,  f o n d é e s  s u r  des p i e u x  d e  b o i s ,  e u x-mêmes batt u s  
dans d u  l i m a n  a rg i l o- s a b l e u x .  
La baisse d u  n i v e a u  d e  l a  n a p p e  a p ro v o q u é  l ' a ltérat i o n  o u  
même l a  dest r u c t i e n  des p i e u x  d e  b o i s  e t  I e  tasse ment des 
l i m a n s.  Le bät i m e n t  était  f iss u ré d e p u i s  fo rt l o n g te m ps, no­
tam ment dans l ' a n g l e  s u d - o u est o u  les fenêtres de l a  façade 
ont  d û  ê t re étayées.  
E n  1 974, l a  d é c i s i o n  f u t  p rise d e  re d o n n e r  des f o n d ati o ns 
sta b l es a u  bäti m e n t ,  t o u t  e n  m a i n te n an t  e n  act iv ité les s e rv i ­
c e s  q u ' i l  a b r ita it .  
La s a l u t i o n  rete n u e a c o n s i sté à re p o rt e r  les c h a rges sur l a  
form ati o n  d e  m a r n e  c o m pacte, reco n n u e à e n v i ro n  1 1  mètres 
de p rofo n d e u r, par l ' i nterméd i a i re de p i e u x  I . M .  ( I p o u r  i n j ec­
t i o n ,  M p o u r  m é t a l ) .  Ces p i e u x  méta l l i q ues i n j ectés sous p res­
s i o n ,  d ' u n e  c a p a c ité u n i ta i re d e  3 2  et 5 0  tonn es, ·sant sce l l és 
par i nj e c t i o n  à l a  b ase dans l á  m ar n e  c o m pacte sur u n e 
l o n g u e u r  de 1 0  m è t re s  a u  p l u s .  
L e s  p i e u x  des m u rs p o rt e u rs s o n t  i m p l a n té s  e n  q u i n co n c e  d e  
part et d ' a u t re d e  ce ux-c i .  l i s  so n t  l é g è re m e n t  i n c l i n és.  
To u s  les p i e u x  du m as s i f  du pé rist y l e  s o n t " ve rt icaux,  d ' u n e 
capacité de 50 t o n n es .  
Les p i e u x  I . M .  s o n t  c o nst it ués d e  2 b arres T 40 ( o u  T 32 )  
e t  d ' u n  t u b e  à m a n c h ettes q u i  p e rmet l ' i nj e c t i o n  s o u s  
press i o n  d u  sce l l e m e nt.  L e  t a u x  dè t ravai l  d e  l ' a c i e r  e s t  
p r i s  à l a  m o i t i é  d e  s a  l i m ite é l astiq u e .  L e s  b a r re s  s o n t  
p rotégées p a r  u n e  p e i n t u re a n t i-eerrosion ( 2  c o u c h es ) .  
Les é l é m e nts d e  2 ,50 m d e  l o n g u e u r  u n i t a i re s o n t  l i é s  
e n t re e u x  p a r  m a n c h o ns et s o u d u re. 
Fora  g e  1 140 
q:t �hO&JiiCUJPti'*i·�· . 
La l i a i s o n  p i e u - m as s i f  de m a ç o n n e r i e  est a s s u rée p a r  
i nj e cti o n  s u r  2 à 6 m d e  h a u t  avec u n  e c u l i s  C/E = 2 .  
C e s  t rava ux o n t  é t é  ré a l isés e n  20 m o i s ,  d an s  d e s  c o n d i ­
t i o n s  d iffi c i l e s ,  à p a rt i r  d es caves,  c o u l o i rs o u  d e s  
b u reaux,  p a r  pet ites zones,  p o u r  ne p a s  p e rt u rb e r  l e s  
s e rv ices i n st a l l é s  d a n s  c e  b ät i m e n t .  
L e s  té m o i n s ,  p l acés s u r  les m u rs re pr is  a u  f u r  et à m e ­
s u re de l ' av a n c e m e n t  des t rava u x ,  n ' o nt pas b o u g é  p a r  
l a  s u ite,  attestant l ' eff icac ité d e  c e  t rava i l .  
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1. P e rio ration d e s  pieux 
I .M. d u  p é ristyle. 
2.3 Perioration des p ieux 
I .M.  à l ï ntéri e u r  
d u  pa la is  d e  j ustice. 
TRAVAUX R ÉA L I SÉ S  
P ieux I . M .  de 50 tonnes 
P ieux I .M. de 3 2  tonnes 
lnjection de scellement 
et injection conforta tive : . . . . . . . . 1 .9 3 5  tonnes 
de ciment. 
[) SOLETANCRE 
6 .  rue de Watford · B.P. 5 1 1  
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THE LAW COURTS 
MARSEILLE 
Underpinning the foundations 
with I.M. piles 
The Marseille Law Courts Building is more 
than a hundred years old; it has 3 to 4 levels 
and measures about 60 X 50 metres. lts fa. 
cade is omamenled with a S.column peris­
tyle; an inner wal! measuring 17 x 17 metres 
carries a cupola some ten metres high above 
the main lobby. 
Loads are carried by load-bearing walls and 
columns resting on large concrete footings 
2 to 6 roetres high. founded on waoden piles 
driven into sandy-clayey silt. 
A drop in the ground water table had caused 
deterioration and even destructien of the 
· waoden piles. and. settiement of the silt. The 
building had been cracked lor sometime. 
notably at the soulh-west corner where !he 
windows in the facade had to be braced. 
In 1974 it was decided to give the building 
stabie foundations without interrupting the 
activities inside. 
The solution adopted was to transfer loading 
to a formation of compact marl at a depth of 
about 1 1  metres by using I.M. piles (I lor in­
jection. M lor metal). Each of these metal pi· 
les. with a capacity of 32 or 50 tons was pres­
sure grouted and sealed at the base by injec­
tion iLto the compact marl to a maximum 
depth of 10 metres. 
The piles of the hearing walls were slightly 
inclined and placed in a staggered pattem on 
either side of each wal!. All the piles of the 
peristyle mass. capacity 50 tons each. were 
placed vertically. 
The I.M. pile consists of two T 40 (ar T 32) rods 
and a sleeved tube allowing pressure grou­
ting of the anchorage zone. The steel is stres­
sed to half its elastic limit; rods are proteeled 
by two coats of anti-eerrosion paint. The ele­
ments. each 2.50 metres long. are conneeled 
to one another by sleeves and weids. 
The pile is attached lo masonry by injecting 
grout with a cement/water ratio of 2 to a 
heighl of 2 to 6 melres. 
This work was compieled in 20 months under 
difficult conditions. werking lrom cellars. 
corridors and offices in smal! areas at a time 
so as not to interfere with activilies in !he 
building. 
Markers we re placed on the walls as the work 
progressed. Subsequent checking showed no 
movement of the markers thus proving the 
effectiveness of the work• 
[]SOLETANCHE 
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PALACIO DE JUSTICIA 
MARSELLA 
Reparación de fundaciones 
con pilotes I.M. 
El Palacio de Justicia de Marselia es un edifi­
cio con más de 100 anos, de 3 a 4 niveles, de 
aproximadamenle 60 · X 50 m. Su fachada 
está adomada con un peristilo de 6 colum­
nas. Un recinto interlor de 17 X 17 m, soporta 
una cûpula a una altura de 10 metros bajo la 
cual se encuentra la sala principal. 
Las cargas son temadas por muros portantes 
y columnas que reposan sobre gruesas za· 
patas de concreto masivo de 2 a 6 metros de 
altura. fundadas sobre pilotes de madera. los 
cuales han sido hincados en un estrato de 
limo areno-arcilloso. 
El descenso experimentado por el nivel freá­
tico ha provocado la descomposición de los 
pilotes de madera y el a sentamiento del 
Iima. Desde hace tiempo el edificio se co­
menzo a fisurar hasta el extreme que las 
ventanas del angulo sur-oeste debieron ser 
apuntaladas. 
En 1 974 se decidio iniciar los trabajes de re­
paración del edificio. debiendo ser ejecuta­
dos en forma tal. de no interrumpiT las activi· -
dades habituales en el edificio. 
La solución adoptada. consistió en transmitir 
las cargas. al estrato de marga compacta que 
se encuentra aproximadamente a 1 1  metros. 
mediante pilotes I.M. (I = inyecciones : M = 
Metal). Estos pilotes metálicos inyectados a 
presión tienen una capacidad unitaria de 32 
à 50 t. siendo empotrados por inyección a la 
base. en la marga compacta sobre una lon­
gitud de 10 metros maxime. 
Los pilotes bajo los muros portantes fueron 
dispuestos al tresbolillo y liger=ente incli­
nados. T odes los pilotes bajo el peristilo tie­
nen una capacidad de 50 t. y son verticales. 
Los pilotes I.M. estan constituidos por 2 bar­
ras T 40 o T 32 y un « tube de manguilos» que 
perrnite inyectar a presión el bulbo. El es­
fuerzo de trabajo del acero no debe sobrepa­
sar la mitad de su limite elástico. Las barras 
son protegidas con 2 capas de pintura anti­
corrosiva, los alementos de 2.50 m de longi­
tud unitaria son unidos entre si mediante 
manguitos y soldadura. 
La unión entre el pilote y el cabezal está 
garantizada por una inyección de conlacto 
(C/A = 2) sobre 2 a 6 metros de altura. 
Est as trabajes fueron realizados en 20 meses, 
bajo condiciones dificiles de trabajo a partir 
de sotanos. pasillos. oficinas, etc .. con objeto 
de no perturbar los servicios inslalados en el 
edificio. 
Las relerendas colocadas en los muros han 
puesto de manifiesto que es tos no han sufrido 
ningtin nuevo asentarniento • 
JUSTIZPALAST VON 
MARSEILLE 
Wiederaufnahme der FundieMingen 
anhand von IM-Mikropfählen 
Der mehr als 100 Jahre alle Marseiller Justiz. 
palast is! ein 3 bis 4-stöckiges Gebäude van 
ungefähr 60 x 50 m. Seine Fassade is! mil 
einer Säulenreihe bestehand aus 6 Säulen 
verziert. Auf einer Innenumschliessung von 
17 x 17 m befindet sich eine Kuppel etwa 
10 m über der Vorhalle. 
Die Lasten werden van Tragmauem und 
Säulen aufgenommen. die auf Sohlen aus 2 
bis 6 m starkern Beton stehen. die ihrerseits 
auf Holzpfählen gründen. die in eine tonig­
sandige Leh.mschicht eingercanmt wurden. 
Die Senkung des Grondwasserspiegels hat 
die Verwitterong oder sogar teilweise Zer· 
störung der Holzpfähle. sowie die Setzung 
der Lehmschicht bewirkt. Das Gebäude wies 
seit sehr langer Zeil Ris se auf, und zwar g= 
besenders im Südwestwinkel, wo die Fenster 
der Fassade abgestützt werden mussten. 
1974 wurde der Beschluss gefasst, das Ge­
bäude rnit neuen stabiJen Fundierungen zu 
versehen, jedoch unter lnganghaltung der 
darin uniergebrachten Ämter. 
Die gewählte Lösung bestand darin, die 
Lasten auf die in ungefähr l l  m Tiefe befind­
liche kompakte Mergelschicht mit IM-Mi­
kropfählen (I = Injektion; M = Metall) zu 
übertragen. Diese IM-Mikropfähle. die unter 
Druck verpresst werden und eine Tragkraft 
von 32 und 50 t besitzen. werden durch Ver­
pressung an ihrem unieren Ende in die kom­
pakte Mergelschicht auf einer Länge van 
10 m eingebunden. 
Auf beiden Seiten der Tragmauem sind die 
Plähle versetzt angeordnet. Ausserdem sind 
sie leicht schräg nach innen geneigt. Alle 
Plähle der Säulenreihe sind senkracht und 
haben eine Tragkraft von 50 I. 
Die IM-Mikropfähle bestehen aus zwei 
T40 (oder T32) Stahlstäben und einem 
Manschettenrohr lür die Verpressung der 
Verankerungsstrecke unter Druck. Die 
Tragspannung is! halb so gross wie seine 
elastische Grenze. Die Stahlstäbe erhalten 
2 Schichten einer Korrosionsschutzfarbe. Die 
einheitlich 2,5 m langen Teilelemente wer­
den anhand von Muffen und Verschweissun­
gen miteinander verbunden. 
Die Verbindung zwischen Pfahl und 
Mauerwerk geschieht durch Verpressung auf 
einer Tiefe von 2 bis 6 m mil einem ln­
jektionsgut im Verhältnis von ZfW = 2. 
Diese Ar beiten wurden innerhalb von 20 Mo­
naten unter sehr schwierigen verhältnissen 
beende!, und zwar van den Kellerge­
schossen. den Gängen ader den Büroräumen 
aus. abschnitts- weise. urn die im Gebäude 
uniergebrachten Amter nicht zu stören. 
Die Kontrollmarken. die an den unierlange­
nen Mauem angebracht wurden, haben sich 
im Anschluss an die Arbeiten nicht ver­
ändert, was die Wirksamkeit der ange­
wandten Technik beweist. • 
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F O N DATIO N S  PAR P I E U X  I .M.  
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MAÎTR E D E  L' O U VRAG E SOC I ÉTÉ A N O N Y M E  M O N ÉGASOU E PATR I C IA 
A R C H ITECTE : M .  RAVAR I N O - I N G ÉN I E U R  C O N S E I L : CAB I N ET D U M O U L I N  
B U R EAU D E  CONTR ÖLE  : V E R ITAS 
L ' i m m e u b l e  Le F o rm e nt o r  s itue 
s u r  I e  front de m e r  à M O NTE-CAR L O ,  
est u n e to u r  d e  30 n i ve a u x, d e  
4 0  x 20 m d e  sect'i o n ,  re p re s e n t a n t  u n e  
c h a rge st at i q u e  d e  30 . 000 t o n n e s  s o u ­
mise a u x  effo rts d u  vent et a u x  se is­
mes.  
Sa s ituat ion en p i e d  d e  fa l a i s e ,  a u  d ro it 
d ' u n e  ta i l l e, fa it  a pp a raître I e  s o c l e  c a l ­
ca i re à I ' O u est et d es re m b l a i s  à I ' E st. 
La coupe strat i g ra p h i q u e  est t rè s  
c o m p lexe,  d iffi c i l e m e nt defi n i e  p a r  l e s  
n o m breuses c a m p a g n e s  d e  recon­
n a issance.  L a  coupe l a  p lus g é n e ra l e  
est : 
- é bo u l i s  c a l c a i re,  sa b i e, g a l ets ; 
- m a rn e  n o i re t e n d re à d u re ; 
- socle ca lca i re j u ra ss i q u e  d u r  à très 
d u r, avec fa i l l es ,  ka rsts, z o n es a l té­
rées en s u rf a c e .  
Après d e  n o m b re u s e s  étu d es,  l a  s o l u ­
t i o n  rete n u e  p o u r  l a  fa n d at i o n  s e  pré­
sente a i nsi  : 
- fa ndat ion s u r  s e rn e l l e s  à I ' O u est, 
p a rtout o u  I e  c a l ca i re affl e u re,  avec 
d es i nj ect i o n s  d e  v ides à t itre d e  p ré­
caution par 3 8  fo rages d e  5 m : un p a r  
pote au o u  u n  t o u s  l e s  4 m d e  m u r  d e  
refe n d .  
- fa n d at i o n  s u r  4 0 8  p i e u x  I . M .  ( I  p o u r  
l nj ecti o n ,  M p o u r  M ét a l )  à I ' E st. L e s  
p i e u x  sant d e see n d u s a u  s o c l e  ro­
c h e u x et a n crés de 5 m d a ns I e  
c a l c a i re s a i n  o u  1 0  m d a n s  I e  m a rno­
c a l ca i re.  
Description du p ieu I . M .  
20 
30 
Les p i e u x  I . M .  m i s en ce-u v re c o n s isterit en u n e  
a r rn at u re méta l l i q u e ,  t u be p é t ro l i e r  1 09/ 1 27 m rn ,  
prés enta nt u n e  sect i o n  d ' a c i e r  d e  33,4  c rn 2 ,  sce l l é e  
p a r  i nj ecti o n  s o u s  press ion d a n s  u n  f o r a g e  d e  
1 7 0  m m  d e  d i a m ètre .  Po u r  l e s  3 6  p i e u x  d e  l a  z o n e  
S u d- Est, à prox i m ité d e  l a  fa i l l e  p r i n c i p a l e, l a  sec­
tion d ' a c i e r  est p o rté e  à 42 cm2, p a r  adjonction 
d ' u n  t u b e  50/60 m m .  
La contra i nte m a x i m a l e  d a n s  l ' a c i e r, i nfé r i e u re à l a  
m o it ié d e  l a  l i m ite é l asti q u e  s o u s  l a  c h a rge de 
s e rvice d e  60 t o n nes,  reste i n fé r i e u re à 80% d e  
plus o u  moins 
fissuré 
Fa i l le� 
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cette l i m ite é l a s ti q u e  s o u s  l e s  effo rts e x c e pt i o n ­
n e l s  c o rres p o n d a nt a u x  s u rc h a rg e s  et s é i s m e s .  
D a n s  c e  d e rn i e r  c a s ,  c e rta i n s  p i e u x  p e uvent  t r a ­
v a i l l e r  e n  t ract i o n .  
S u r  l a  h a ut e u r  d e  sce l l e m e nt, à l a  b a s e ,  I e  t u b e  
co n st it u a nt l es p i e u x  e st p e rcé e t  p o u rv u  d e  m a n­
c h ettes po u r  l ' i nj ecti o n  s o u s  press i o n  d u  e a u l i s  
d e  sce l l e m e nt. L a  p a rtie n o n  sce l l é e  d u  t u b e  e s t  
p roté g é e  p a r  d e u x  couches d e  p e i n t u re a nt i ­
co rrosio n .  
- �- - - � .. �· 

Réalisation des travaux 
Le mode d'exécut ion des pieux est : 
• Pe rforat ien à l a  b o u e  d ' u n  fo rage de 1 7 1  o u  
1 94 m m  d e  d i a m ètre, a v e c  injectio n  à 
l ' a vance m e nt des v i d e s  renco ntrés avec 
un ea u l is de b e n to n ite-ci m e nt. 
• En fi n de perfo rat ion,  re m p l issage du fa­
ra g e  avec un e a u l i s  de c im ent résistant à 
l ' e a u  d e  m e r. 
• Descente de l 'a rm atu re d a n s  Ie fo rage.  
• S c e l l e m ent sous une pression d e  1 0  à 
20 b a rs avec I e  ea u l i s  d e  c i m e nt déjà cité. 
• R e m pl issage d u  t u b e  pétro l i e r  et, p o u r  l es 
36 pieux re n fo rcés, m is e  e n  p lace d u  t u b e  
i nt é ri e u r  0 50/60 m m .  
• M ise e n  p l ace d ' u n e  tête d ' a p p u i  s p é c i a l e  
e n  a ci e r  m éca no-so u d é .  
La l i a ison e n t r e  l es pieux et l a  s u p e rstructure 
est assuré e  par  des l o n g ri n es a rmées d a ns 
l e s q u e l les  sant encastrées l e s  têtes d e  pieux.  
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N ota : Le p rocé dé a p e rmis  d 'ajuster l a  l o n g u e u r  
p récise d e  c h a q u e  p i e u  en fo nction d u  terrain ef­
fectivement re ncontré en p e rfo rati o n .  Les é l é­
m e nts d ' a rmature éta ient s o u d é s  s u r  p l ace, à l a  
d e m a n d e, avec tous les  soins a p p o rtés à u n e  sou­
d u re i n d ustri e l l e  d e  q u a l ité. Ces sou d u res o nt été 
testées e n  l a bo rato i re et, à c h a q u e  ess a i ,  l a  r u pt u re 
d e  l ' é p ro u vette s'est p roduite à u n e  tens ion s u pé­
ri e u re à c e l l e  g a ra ntie pour  l es t u b es, e n d e hors d e  
l a  s o u d u re.  
[] SOLETANCEE 
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The "Le Formenlor" building is a 30 slorey 
tower block. raising up on the sea front al 
Monte-Carlo. This tower of a 40 X 20 m cross­
section, represenling a static lead of 
30 000 tons, is subjeeled lo wind and earth­
quake forces. 
lts site. at the loot of a cliff, vertically above a 
fault iets become apparent the limeslone 
shelf lo !he west and fill malerials to the East. 
The substratum profile is very complex, har­
dly well defined. in spile of numerous soil 
investigations. The typical soil cross seclion 
is as follows: 
- Limestone debris. sand and shingle ; 
- Bicrek marl. ronging from soft lo hard; 
- )u rassic limeslone shelf. ronging from hard 
lo very hard. with foults. karsts. and weathe­
red zones on the surface. 
Following numerous studies. !he solution 
adopted lor the foundations i s  described he­
rebelow: 
- Foundation on footings to the West, where­
ver the limestone outcropped. The voids we re 
in jeeled as a preeau ti  on through 38 five-metre 
boreholes. one per post or one every 4 melres 
of partilion wal l ;  
- Foundation on 408 1 .M. piles ( I  l o r  injection. 
M lor metall to the East. The piles were lowe­
red lo the rock shelf and anchored to a depth of 
5 metres in the sound limestone or to 10 me­
tres in the marly limestone. 
Description o f  the I.M. pile 
The I .M. pile used in this project consisled of a­
me lal reinforcement. a 109/ 127 mm oil pipe 
wilh a 33.4 cm2 steel section. secried by injec­
tion under pressure in a bere-hole of diameter 
170 mm. In lhe case of the 36 piles in the 
Soulh-East zone, near the main lault. the steel 
seclion was increased to 42 cm2 by the addi­
tion of a 50/60 mm tube. 
The maximum stress in the steel. less than 
hall the elastic limit under the service lead of 
60 tons, rernains less than 80% of the elastic 
limit under exceptional s t resses correspon­
ding to overleads and earthquake leads. In 
this lat ter case. sorne of the piles can werk 
u nder tension. 
Along the sealing length. at  the base. the pile 
tube i •  perforaled and lilled with sleeves lor 
the injection ol the •ealing grout under pre•­
sure. The !ree length of the tube i• proteeled 
by two coast of anti-eerrosion painl. 
EDIFICIO «EL FORMENTQR" 
MONTE-CARLO 
Fundaciones 
por pilotes I.M. 
El edificio Forrnentor situado !rente el mar en 
Monte-Carlo, es una lorre de 30 niveles. de 
40 X 20. lo cual represenla una carga estática 
de 30 000 t ,  sometida a esfuerzos de viento y 
sismo. 
Esta situado al pie de un acantilado, sobre 
una !alla. Al Oesie aflora la caliza. apare­
eiende rellenes al Este. El corte geológico es 
muy complejo lo cual hace que en cada zona 
estudiada su es tratigrafia sea diferente. El 
corte mas general es : 
- Fragmenlos calcáreos. arenas y conlos ro­
dados ; 
- Marga negra de blanda a dura ; 
- Caliza del )urasico de duro a muy dura, que 
se presenta muy fisurada debido a la !alla 
que lo atraviesa, zonas karsticas y alteradas ; 
Despues de numerosas estudios realizados la 
solución adoptada es la siguiente : 
- fundación direcla sobre zapatas al Oesie 
en todas aquellas zonas donde la caliza allera 
con inyección de los vacios mediante 38 per­
foracicnes de 5 metros cada una : una por 
columna ó loclos los 4 metros de muro ; 
- fundación sobre 408 pilotes I.M. (I : lnyec­
cion ; M = Metall en la zona Es te. Los pilotes 
son descendidos a la roca y anclades 5 metros 
en la caliza sana ó 10  metros en la marga 
calcarea. 
Descrip cion de un pilote I.M. 
Los pilotes I .M. realizados, eslan formados 
por una armadura metálica, (tubo petrolere 
109/127 mm. que posee una sección de 
33,4 cm2• empotrado mediante inyecciones al 
suelo, a partir de una perloración de 170 mm 
de diámelro ; en los 36 pilotes de la parte 
Sur-Este. mas proximos a la !alla principal. se 
ha colocado una sección de acero de 42 cm2• 
mediante la adición de un tube de 50/60 mm. 
El esfuerzo máximo en el ace'ro no debe so­
brepasar la mil ad de su limite elástico para la 
carga de servicio de 60 I.  y debe mantenerse 
inferior al 80% del limite elástico en caso de 
esluerzos excepcionales correspondientes a 
sobrecarga y sismo. En es te ultimo case cier­
tos pilotes pueden trabajar a tracción. 
Sobre la altura correspondiente al empolra­
miento de la base. el tubo que constituye el 
pilote esta equipado con tubo de manguitos 
para la inyección a presión, la parte libre 
correspondiente del lubo está prolegida con 
dos capas de pintura anticorrosiva. 




I.M. · Mikropfählen 
Das Forrnenlor-Gebäude befindet sich on der 
Meerfront in Mente-Cario und i st ein Hochhaus 
ven 30 Stockwerken mil einem Grundriss ven 
40 x 20 m. Sein Gewicht betrÇi:gt 30 000 Ton­
nen. welches Wind und Erdbeben ausgesetzt 
i st. 
Am Fusse einer Felsmauer. i n  der Nähe einer 
Verwerfung gelegen. ruht dieses Bauvorhaben 
im Osten auf Kalksteinforrnationen und i m  
Westen auf Aufschutt. D e r  geologische Schnitt 
i s t  sehr kompliziert und w ar  trotz umfänglicher 
Bodenerkundung schwer zu bestimmen. lm 
allgemeinen sieht er folgenderrnassen aus : 
- Kalksteinschutt. Sand, Grebkies 
- schw=er Mergel. weich bis hart 
- )urakalkstein. hart bis sehr hart. mil 
Verwerfungen. Korst und verwitterten Zonen 
on der Oberfläche. 
Nach umfangreichen Studien, wurde !eigende 
Lösung für die Gründung erwählt : 
- im Westen Sohlengründung auf dem 
Kalkstein ruhend. dessen eventuelle 
Hohlräume vorsichtshalber miltles 38 Bchrun­
gen von 5 m verpresst wurden (eine pro Pfeilerl 
- Gründung auf 408 I .M. - Mikropfählen (I = 
lnjektion, M = Metalll im Osten. Die Pfähle 
reichen bis in den Fels hinunler und werden 
5 m lief in den gesunden Kalkstein oder 10 m 
lief in den Mergel-Kalk eingebunden. 
Beschreibung der I.M. Mikropfähle 
Die angewandten Mikropfähle bestehen aus 
einer metallenen Bewehrung (Ölbohrrohre von 
109/127 mm) mil einem Querschnitt von 
33.4 cm2• welche durch Druckverpressung in 
ein Bohrloch ven 170 mm Durchmesser veran­
kert werden. In der Nähe der Hauptverwerfung 
im Süd-Osten. wurden 36 Pfähle mil 42 cm2 
Querschnitt verwende!. indem man ein Rohr 
von 50160 mm beifügte. 
Der maximale Druck auf die Armierung. wel­
cher halb die elastische Grenze unler der Be­
triebslast ven 60 t beträgt, bleibt unter 80% die­
ser elastischen Grenze bei ausserordentlicher 
Beanspruchung. wie Ueberlasl oder Erdbeben. 
lm letzieren Fall können die Pfähle auch au! 
Zug arbeiten. 
Das Pfahlrohr wei st im unieren Teil. d.h. in der 
Verpresszone. mil Manschelten abgedeclcte 
Oeflnungen auf. urn die Druckinjektion der 
Verpressrnischung zu erlauben. Der freie Teil 
des Rohres wird durch zwei Anstriche Antikor­
rosions-Farbe geschützt. 
Procedure 
The piles were se\ in place as fellows: 
- Mud drilling of a hole 1 7 1  or 194 mm in 
diameter. voids encountered being injected 
with bentoniie-cement grout ; 
- On completion of drilling. filling the hole 
wilh a cement groul resistant to sea water; 
- Lowering the reinlorcement int a the hole ; 
- Sealing under a pressure of J O  lo 20 bars 
with the cement groul relerred lo ábove ; 
- Filling the oil pipe. and in the case of the 
36 reinloreed piles, selting the inner tube of 
diameter 50/60 mm in place ; 
- Placing a special mechcmically welded 
slee! hearing head. 
The piles were conneeled to lhe superslruc­
lure by reinloreed connecting beams into 
which the pile heads were embedded. 
N.B. : This procedure made it possible to 
adjust the precise length of each pile in the 
light of the soil strata actually encoun\ered 
during drilling. The reinlorcing elements 
were welded on the site. as required, with the 
care appropriate to a high quality industrial 
weid. These weids were lesl ed in the labora· 
lory. and at each test the sample lailed al a 
lension grealer than that guaranteed lor the 
non-welded tubes. • 
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Realizacion de los trabajes 
El modo de ejecución de los pilotes es el si­
guiente : 
- perloración con lodo. de un hueco de diá­
metro 171 o 194 mm, inyección al avance de 
las cavidades encontradas con mortere ben­
lonita-cemenlo. 
- al linalizar la perloración llenado de ésta 
con un mortere de cemento resistente a la 
acción del agua del mar. 
- introducción de la armadura. 
- empotramienlo mediante inyección a una 
presión de 10 à 20 bars del mortera cernenter 
agua anteriormente mencionado. 
- reilene del lubo petrolere y para los 36 pi­
lotes relorzados colocación del tube interior 0 
50160 mm. 
- inslalación de una cabeza de apoyo espe­
cial en acero. 
La unión entre los pilotes I.M. y la superes­
lructura ha sido asegurada por vigas arma­
das. en las cuales se empotran las cabezas de 
los pilotes. 
Nota : El proceso ha permilido dar la longi­
tud precisa a cada pilote en Junción del ter­
reno encontrado en la perioración. Los ele­
mentos de la armadura fueron soldados en la 
obra. a la medida, con todos los cuidados de 
una soldadura industrial de calidad. y para 
su comprobación estas fueron ensayadas en 
laboratorio. y en coda ensayo la ruptura de 
las rouestras se produjo a una lensión supe­
rior a la nomina! garantizada para los tubes. y 
jamás por la soldadura. • 
.Ruslührung der Arbeiten 
Die Austührungsweise is\ Jolgeode : 
- Bohrung eines 171  oder 194 mm 0 Bohrlochs 
unter Dickspiilung mil lortschreitender Ver­
pressung der angetrolfenen Hohlräume miltels 
"'iner Zement-Bentonit-Mischung. 
- Am Ende der Bohrung. Auffiillen derselhen 
mil einer meerwasserlesten Zementmischung 
- Einbau der Bewehrung 
- Verpressung unter 10 - 20 bar Druck mil der 
oben erwähnten Zement-Mischung 
- Aulfüllen des Stahlrohres. und lür die 36 
verstärlcten Pfähle. Einbau des lnnenrohres 
von 50160 mm 0 
- Anschweissen einer spezieHen Stützplatte. 
Die Verbindung zwischen den Pfählen und der 
Oberstrulctur ist miltels bewehrten Balken. in 
wekhen die Pfahlköple eingelassen sind. ge­
währleislet. 
.Rnmerkung : Das Verlabren erlaubte es. 
die gencrue Länge jedes Plohls der während 
der Bohrung tatsächlich angetroffenen Bo­
denhe-schaffenheit anzupassen. Die Be­
wehrungs-elemente wurden an Ort und Stelle 
mil grosser Sorgfalt zusammengeschweisst. 
Die Schweisstellen wurden im Labor geprüft 
und bei jedem Versuch brach der Prüfkörper 
bei höherer Spannung als für die Rohre, zuge­
lassen ausserhalb der Schweisstellen. • 
:!lr.:•""· 
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CENTRE TERTIAIRE 
LILLE -ROUBAIX- TOURCOING 
REPRISE DES F O N DATI O N S  PAR P I EUX I.M. 
1 9 76 - 1977 
CHAMBRE  DE  C O M M ERCE ET D ' I ND USTR I E  
MAlTRES D ' CE UVRES ASSO C I ÉS : M M .  G .  F I LL IAT & J .  KER ISEL  
B at i m ent  de b u reaux de 1 4  étages,  fondé s u r  
p i e u x  ( 0  0,50 m à 1 , 30 m )  a n c rés d a ns l ' a rg i l e  d e s  
F l a n d res, I e  C e n t re Tert i a i re a été l ' o bj et de tasse­
m e n ts i m portants dès sa c o n s t r u c t i o n  (j usq u ' à  
2 0  c m  de tasse m e n t  absol  u e t  1 0  c m  d e  t asse m e n t  
d i ffé re n t i e l ) .  
A p rès u n e i m po rt a n te c a m p a g n e  d ' i n vest i g a t i o n s 
et d ' essa is ,  la d é c i s i o n  a été p ri s e  d e  re p re n d re e n  
s o u s-ce uvre ! ' e n se m b le d e s  c h a rg e s  (envi ro n  
1 50 M N  - 1 5  0 0 0  t )  a u  m oyen d e  p i e u x  I . M .  
1 1  s ' a g i t  d e  p i e u x  0 1 50 m m  a r m é s  d e  t u bes 
0 1 08/1 2 7  ni m (sec t i o n  d ' a c i e r  3401 m m 2 ,  l i m ite  
é l ast i q u e 38 o u  55 kg/m m 2 )  c a l c u lés po u r  q ue 
l ' a c ier  t ravai l l e  au m ax i m u m  à 5 0 % d e  l a  l i m i te 
é l ast i q u e .  
Le u r  lo n g u e u r  d ' a n c rage d a n s  les d iffé rentes c o u ­
c hes re n c o n t rées,  o û  i l s  m o b i l is e n t  l e u r  fo rce 
Nature du  sol  
� Argi/e � 
=: des ::::= ;::::: = =: F/andres ::::= 
Prol! 
( m )  
M o d u le de 
d é f o r m a t i o n  E 
MPa 
5 10  0 � ·.-"· r.',. ; . . . 'i! 
2 ' ' I 
50 
portante p a r  f rotte m e n t  latéral ,  est fo n c t i o n  d e  l a  
c h arge u n i ta i re ,  et  v a r i e  de 2 2  m ( 4 0  t )  à 35 m (95 t ) .  
L e s  p i e u x  I . M .  d é f i n it ifs sant  re l iés à l a  struct u re 
existante a u  m oyen de n o uve l les  l o n g r i n es en bé­
t o n  armé p ré c o ntrai ntes s u r  les m assifs  d e  tête 
existants.  
La re p ri se a été c o m plétée par un t r a i te m e n t  par  
i nj ec t i o n  du sol  s u rm o ntant  l ' arg i l e  d e s  F l and res. 
Nota : A  t i t re de p re m iè re u rg e n c e ,  en attente de 
l a  m ise au p o i n t  et de l ' ex é c u t i o n  d e  la s a l u t i o n  
déf i n i t ive,  I e  b at i m e n t  a été m i s s u r  a p p u i s  c o m ­
p l é m e n t a i re s - avec vér i n s  d e  contro le - fon dés s u r  
des p i e u x  I . M .  a n a l o g ues à ceux d e  l a  re p rise p ro­
prement d i t e ,  bapt isés « p a rac h utes . .  e u  é g ard à 
l e u r  fo n cHo n p rov iso i re p a rt i c u l i è re .  
Pression l i mite p i - po 
M Pa 
Vue du bàti ment sur étais provisoi res. 
Essai  d 'un pieu • parachute • .  Es sa i réal isé à 2 fois 
la c h a rg e  d e  service sans amorce du flu a g e. 
j 
·I 
. · ·. 
M O D E  0' EXECUTJ O N  
.: · �-. CD 
.-:, . ·:!._'-r... • .... ;., : 
Mise en p i  a ce ·. 
- : et s c e l le ment , , : :. 
d 'un ava n n u b e  · :  ... 











M a nchon 
.L'''''" ' 
._ Fo ra ge 
.9' 150 mm 
Tube 
1 D 8/127 mm 
� Co u l is d e  
1 pedorat ion  à l base de coulis 
d e  ciment pu is 
c o u l i s  d e  
s c e l l e m e nt 
C/E .  2 
Rem ontée  des 
s é d i m ents 
O u t i l  p e rdu  
E' 150 m m  
8 
E E 10 
c .. - 12 c .. 






Vue d ' u n e  m achine de forage spécia le .  
Cou rbe d ' essai d e  p i e u  . I 

TRAVAUX EFFECT U E S  
lnjections 
Pieux I .M. 
"283 Forages 
3 23 5  m i  
3 0 0  t ciment 
40 à 60 t 
60 à 95 t 1
54 1 Ha 1 3 3 2  
Vue de la Centrale d' injection. 
[) SOLETANCRE 
6, rue d e  Watford 
· 
B.P. 5 1 1  
9 2 0 0 5  NANTE R R E  Cedex (France) 
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LILLE · ROUB.l\IX . 
TOURCOING 
Underpinning of found ations with 
I.M. piles 
The Business Centre is a 1 4-storey office 
building founded on piles (0 0.50 m to J 1 .30 m) embedded in the Flanders clay. Al­
ter its completion. considerable settiement 
have accured (up to 20 cm absolute settie-
J 
ment and JO cm differential settlement). 
Following a large-scale programme of tests 
and investigations, it was decided to under· 
pin all the loods (about 150 MN- 15.000 !ons) 
J using I.M. piles. These piles are of '[; 150 mm reinloreed with tubes of 0 108/ 127 mm (steel sec ti on 3401 mm�. elastic limit 
38 ar 55 kg/mm�). designed sa that the steel 
is stressed to a maximum of 50% of the el as-J tic limit. 
Their embedment length in the different 
strata encountered where they mobilize 
J their beoring capacity by lateral friction, is lunetion of the unit load, and varies between 
22 m (40 lans). and 3 5  m (95 lans). The per­
manent I .M. piles are conneeled to the exis-
J ting structure by means of new prestressed reinloreed concrete pile caps on the existing head blocks. 
J 
The underpinning was compieled by an in­
jection treatment of the soil overlying the 
Flanders clay. 
N.B.  · As on emergency measure pending "] the planning and implamenting of the deli­
nilive solution. the building was ploeed on 
complementary hearings - with control 
jacks - founded on I . M. piles similar to . 1 those used lor the underpinning proper; they 
werre called "parachutes" in view of lhe 
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CENTRE TERTIAIRE 
LILLE-ROUB.AIX-TOU R COING 
R e p aración de fundaciones 
con pilotes I.M. 
Se !rata de un edificio para olieinas de 
14 pisos. lundado sobre pilotes de diáme­
tros variables entre 0.50 y 1 .30 metros ancla­
dos en las arcillas de Flandes. Es te edificio 
ha venido asentonclose desde su construc­
ción. habiendose observado asentamientos 
cuantiosos. (Asentamiento absoluto : 20 
centimetros - Asentamiento relativa : 10 
een timetros). 
Después de una detallada investigación asi 
como de ensayos se decidió absorber la 
carga tata! (aproximadamente IS 000 t) me­
diante pilotes I.M. Son pilotes de 0 1 50 mm 
armados con tubos 0 1 08/127 mm (sección 
de acero 340 1 mm2, limite elástico 38 o 
55 kg/mm2) calculados para que el acero no 
sobrepase el 50% del limite elástico. 
Su longitud de anclaje en las distintas ca­
pas de terreno encontradas. donde mobili­
zan su capacidad portante por frotamiento 
lateraL es función de la carga unitaria y 
varia de 22 m (40 t) à 35 m (95 1). Los pilotes 
I.M. delinitivos se unen a la estructura 
existente mediante vigas de concreto ar­
mada que se ligan a los cabezales existen­
tes por poslensado. 
Est a reparación ha si do complementada por 
un tratamiento a base de inyección del suelo 
por encima de la arcilla. 
N o t a  : En primera instancia y hasta la eje­
cución de la reparación definitiva. el edili­
cio ha sido montado sobre apoyos comple­
mentarios, con gatos de controL fundados 
sobre pilotes I.M .. análogos a los de la repa­
ración. denominados uParacaidasn en ra­
zon de su careieler provisional particular. • 
VERW.ALTUNGS Z E NTRUM 
LILLE-ROUB.lUX-TOURCOING 
Wiederaufnahme der l'un dierungen 
anhand von IM-Mikrop f ählen 
Am Verwaltungszentrum LILLE-ROUBAlX­
TOURCOING, einem 14-stöckigen Bürohaus 
mil Pfahllundierungen (0 0.50 m bis 1 .30 m). 
die im Flandernton eigebunden sind. lan­
den sofort nach Erbau erhebliche Setzungen 
stat! (bis zu 20 cm absaJuter Setzung und 
1 0  cm Differentialsetzung). 
Nach umfänglichem Aufschluss - und Ver· 
suchsarbeiten wurde beschlossen, die Ge­
samtbelastung (etwa 150 MN = 1 5000 t) 
durch Unterfangungsarbeiten anhand van 
IM-Mikropfählen wieder aufzunehmen (I = 
lnjektion, M = METALL. Es handelt sich 
ciabei urn Pfähle mil einem Durchmesser 
von 150 mm. die mit Stahlrohren von 0 108 /  
127 mm armiert sind (Stahlquerschnilt von 
3401 mm1, elastisches Modul 38 oder 
55 kg /mm�). die sa berechnet wurden, dass 
der Stahl bis Maximal 50% seines elasti­
schen Moduls arbeitet. 
lhre Einbindungslänge in die verschiede­
nen angetroffenen Schichten. in denen ihre 
Tragfähigkeit durch seitlich e  Reibung 
erzeugt wird. hängt von der Einheilsbelas­
tung ab und beträgt zwischen 22 m (40 t) und 
35 m (95 t). Die endgültigen IM-Mikropfähle 
werden mit dem bereits bestehenden Bau­
werk anhand von neuen Vorspannbeton­
balken verbunden überhalb den bestehen­
den Pfahlkopfplatten. 
Die Unterfangungsarbeiten wurden durch 
zusätzliche Verpressung des über dem 
Flandeenton liegenden Boclens vervollstän­
digt. 
Bemerkung : Hinsichtlich der dringenden 
Lage und bis Festlegung und Ausführung 
der zusätzlichen Gründungsarbeiten wurde 
das Gebäude au! ähnlichen provisorischen 
IM-Mikropfählen mit am Kop! angebrachten 
Kontrollspannpressen abgestützt (genannt 
.. Fallschirmu wegen ihrer vorübergehenden 
Funktion). • 
"' ëi' o( '7 � ü ::; "' :;J .. 
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MODE D'EXECUTJON D'UN PIEU I.M. 
La reprise des fondations d'immeubles 
en pé ril peut être faite a vee des pieux de 
petit diamètre (I.M.), à armature métalli­
que scellée au terrain eneaissant par in­
jection. 
L 'in lérêl principal réside dans l'érpploi 
d 'o u lillages de pedora tion de dimen­
sions minimales, capables de travailler 
dans Jes conditions les plus difficiles, 
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Mise en place 
de l'arrnature et 
du tube a manchenes 
Manchetles 
Perforatien et mise en ceuvre sous une hauteur libre de 2,20 m. 
SalJle du Cuisien 
NANTERRE - IMMEUBLE MH3 « LE LIBERT E "  
630 pieux I.M.,  7 0  t pro fan d e ur 2 2  m . . · 150 mm 
MARSEILLE - PALAIS DE JUSTICE 








Injection du bulbe 
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I 2 .  B 0 0 R P A L E N M E T K L E I N E D I A M E T E R 
( M  I K R 0 P A L E N )  
I .  B E S C H R I J V I N G  
1 .  U i t v o e r i ng 
D e  p a l e n  w o r d e n  L n  h e t  a l g e m e e n  u i t g e v o e r d d o o r  u i t g r a v i n g v a n  
d e  g r o n d m e t  z e e r  u i t e e n l o p e n d e  t o e s t e l l e n , d i e wo r d e n  g e k o z e n  
i n  f u n k t i e  v a n  d e  g r o n d . D e  b o o rw a n d  k a n  w o r d e n  g e s t a b i l i z e e r d  
h e t z i j  d o o r  v o o r l o p i g e o f  d e f i n i t i e v e  b u i z e n , o f  m e t  b eh u l p  v a n 
e e n  s t e u n s l i b ( b e n t o n i e t  o f  k l e i - c e m e n t b r i j ) . 
Opm e rk i n g e n  
.. 
B i j  b e p a a l d e  p r o c é d é s  wo r d t  s y s t e m a t i s c h e e n  s t a l e n  w a p e n i n g 
g eb ru i k t , t e r w i j l d i t  b i j a n d e r e  s l e c h t s  i n  b e p a a l d e  g e v a l l e n 
wo r d t g e d a a n . 
D e  v u l l i n g  g e s c h i e d t  m e t v l o e i b a a r  b e t o n  o f  c e m e n t  d a t  o n d e r  d r u k  
w o r d t  i n g e s p o t e n . 
2 .  A f m e t i ng e n  
2 . 1  Q�� ! � �! � � ! ! � g � �  
D e  d w a r s a f m e t i n g e n s t a a n  v e r m e l d o p  d e  s t e e k k a a r t e n .  D e  p a l e n  
wo r d e n  g e k e n m e r k t  d o o r  e e n  g r o t e  s l a n kh e i d ; 0 2 5 0 mm o n g e v e e r .  m a x . 
2 . 2  � � !: 8 .!: �  
D e  l e n g t e  i s  f u n k t i e  v a n  h e t  d o o r d e  f i r m a  g e b r u i k t e  m a t e r i e e l . 
3 .  M a x i m u m h e l l i ng t e n o v e r s t a a n  v a n d e  v e r t i k a l e  
� 
M e t b e p a a l d e  p r o c é d é s  k u n n e n  d e r g e l i j k e p a l e n m e t  e e n w i l l e k e u r i g e  
h e l l i n g  w o r d e n  u i t g e v o e r d . 
4 . T o e l a a t b a r e  b e l a s t i n g e n  
D e  t o e l a a t b a r e  b e l a s t i n g e n  z � J n  f u n k t i e  v a n  d e  k a r a k t e r i s t i e k e n  v a n d e  
g r o n d , z o w e l d e z e  v a n  d e  d o ar d e  p a l e n  d o o r b o o r d e  g r o n d  a l s  d e z e  v a n  d e  
g r o n d  o n d e r  d e  p a a l v o e t .  
Z e  z i j n  e v e n e e n s  f u n k t i e  v a n  d e  d i a m e t e r  e n  v a n  d e  e i g e n s c h a p p e n  v a n  d e  
p a a l m a t e r i a l e n . 
D e  o p  d e  s t e e k k a a r t e n v e r m e l d e  wa a r d e n  w e r d e n  e n k e l b i j  w � J z e  v a n  
i n l i c h t i n g  g e g e v e n .  I n  i e d e r b i j z o n d e r  g e v a l  d i e n e n  d e  u i t v o e r e nd e 
f i r m a ' s g e r a a d p l e e g d . 
2 3 3  
•.. 
1 2 / 2  
T e n o v e r s t a a n  v a n  p a l e n m e t d e z e l f d e  a f m e t i n g e n  u i t g e v o e r d  d o o r  
g r o n d v e r d r i n g i n g , h e b b e n  d e z e  p a l e n o mw i l l e  v a n h u n  u i t v o e r i n g s ­
w i j z e  ( g r o n d u i t g r a v i n g )  e e n  k l e i n e r e  d r a a g k r a c h t  i n  l o s s e  g r o n d , 
t e n z i j  d e  e v e n t u e l e  o n t s p a n n i n g  v e r o o r z a a k t d o o r  d e  u i t g r a v i n g  
w o r d t  g e k o m p e n s e e r d  d o o r  d e  i n j e k t i e  v a n  h e t v l o e i b a r e  b e t o n  o f  
m o r t e l . 
4 . 1  D r u k  
4 . 2  T r e k 
D e  t e e l a a l b a r e  d r u k - e n  t r e k s t e r k t e n Z l J n  f u n k t i e  v a n  d e  d i a m e t e r ,  
l e n g t e , e v e n t u e l e  w a p e n i n g  e n  v a n  d e  u i t v o e r i n g v a n d e  b e t o n i n j e k t i e . 
4 . 3 .ê � � g � !} g  
D e  b u i g w e r s t a n d  1 s  f u n k t i e v a n d e  w a p e n i n g . O v e r  h e t  a l g e m e e n  1 s  h i j  
r e l a t i e f  k l e i n . 
4 . 4  ��E ���E�� �1���i!!B  
D e  w e e r s t a n d  t e g e n d e  k o p d w a r s b e l a s t i n g  1 s  f u n k t i e v a n  d e  h o r i z o n t a l e  
w e e r s t a n d  v a n  d e  g r o n d , v o o r n am e l i j k  v a n  d e  b o v e n s t e m e t e r s , e n  v a n  
d e  b u i g s t e r k t e . O v e r  h e t  a l g e m e e n  i s  h i j  z e e r  k l e i n .  
5 .  A n d e r e  k a r a k t e r i s t i e k e n  
5 . 1 H a t e r i a l e n  - - - - - - - - - -
D e  k o n s i s t e n t i e  v a n  h e t v l o e i b a r e  b e t o n  o f  d e  c e m e n t p a p m o e t  a a n g e p a s t  
z i j n a a n d e  v e r w e r k i n g . 
D e  c e m e n t d o s e r i n g  m o e t  f u n k t i e  z l J n v a n  d e  v o o r z i e n e  w a a r d e  v o o t  
R ' wm ( b i j  b e t o n )  e n  v a n  d e  a g r e s s i v i t e i t  v a n  h e t  t e r r e i n ( w a t e r  e n  
g r o n d ) . 
D e  w a p e n 1 n g  w o r d t  b e p a a l d  1 n  f u n k t i e v a n  d e  t e  d r a g � n· b e l a s t i n g e n . 
W a n n e e r  e nk e l  d e  w a p e n i n g  i n  d e  b e r e k e n i n g e n  t u s s e n b e i d e  k o m t , m o e t  
e e n  s p e c i a l e a n t i - k o r r o s i e b e s c h e r m i n g  wo r d e n  v e r z e k e r d . 
5 . 2  M a c h i n e s  
D e  a f m e t i n g e n  v a n  d e  m a c h i n e s k u n n e n  u i t z o n d e r l i j k b e p e r k t z l J n ,  
vo o r  h e t  w e r k e n  i n  k e l d er s  o f  d e  o n d e r v a n g i n g s w e r k e n  b i j v o o r b e e l d . 
5 . 3 �i:!!� � E!! ����E!  
O v e r h e t a l g e m e e n  k u n n e n  d e z e  p a l e n o n d e r  o f  d o o r h e e n  f u n d e r i n g s ­
m a s s i e v e n w o r d e n  g e p l a a t s t ( g e v a l  v a n  o n d e r v a n g e n  o f  v e r s t e r k e n  v a n  
b e s t a a n d e f u n d e r i n g e n ) . 
I n  i e d e r b i j z o nd e r  g e v a l  m o e t  d e  u i t v o e r e n d e f i r m a  w o r d e n  g e r a a d p l e e g d .  
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I N L E G B LA D  I 2 I 3 
I I .  T O E P A S S I N G S D O M E I N  ( t o e p a s s i n g s m o g e l i j k h e d e n  e n  -g r e n z e n )  
I .  D e z e  p a l e n w o r d e n  h e t  m e e s t f r e k w e n t  g e b r u i k t  b i j  h e t o n d e r ­
v a n g e n  o f  d e  v e r s t e r k i n g v a n  b e s t a a n d e  f u n d e r i n g e n . 
2 .  O v e r  h e t  a l g e m e e n  v e r o o r z a a k t  h u n  u i t vo e r i n g g e e n  s c h o k g o l v e n  
o f  t r i l l i n g e n d i e  h i n d e r  k u n n e n  v e r o o r z a k e n . 
3 .  D e  w e r k r u i m t e v o o r  d e  u i t vo e r i n g v a n  d e z e  p a l e n  v e r e i s t k a n  
z e e r  b e p e r k t  z i j n .  
4 .  B i j  d e  b e r e k e n i n g  v a n  d e  w e e r s t a n d  m o e t  d e  k n i k s t e r k t e  v an 
d e z e  p a l e n w o r d e n  n a g e g a a n ,  v o o r a l  1 n  z e � r  s a m e n d r u k b a r e , 
z a c h t e  l a g e n . 
5 .  D e z � p a l e n b i e d e n  o v e r  h e t  a l g e m e e n  h o o f d z a k e l i j k  w e e r s t a n d  d o o r  
k l e e f . D e z e  w e e r s t a n d  w o r d t  b e p a a l d  d o o r  d e  w i j z e  w a a r o p  d e  
b e t o n i n j e k t i e  w e r d  u i t g e v o e r d . 
6 .  W a n n e e r  a l l e e n d e  w a p e n i n g  b i j d e  b e r e k e n i n g  v a n d e  w e e r s t a n d  
t u s s e n b e i d e  k om t , m o e t  e e n  s p e c i a l e  k o r r o s i e w e r e n d e  b e s c h e r m i n g  
w o r d e n  v o o r z i e n  . 
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B e n a m i n g  v a n  
h e t  p r o c é d é  
S t e e k k a a r t 
B O O R P A A L  M E T  KL E I N E  D I AM E T ER ( M I KR O P A A L ) 
U i t g e v o e r d d o o r  S . I . F .  B A C HY , N . V . , B R U S S E L  
1 .  U i t v o e r i ng 
1 2 
B A C HY 
U i t v o e r i n g  v an e e n b o o r g a t  d o o r  u i t g r a v e n v a n  d e  g r o n d , d o o r  d r a a i e n 
m e t  e e n d r i e k e g e l b o o r  e n  c i r ku l a t i e  v a n  h e t  öo o r s l i b o f  m e t  d e  d r a a i ­
s l a g b o o r . 
G e  v a  Z 1 
M i k r o p a l e n  b e s t a a n d e u i t  s t a v e n v a n  T o r - o f  D i wy d a g s t a a l  m e t  1 n  d e  w a ­
p e n i n g  i n g e w e r k t e  m o f f e nb u i s  
- v u l l i n g v a n  h e t  b o o r g a t  m e t  c e m e n t p a p  m e t  k o l o m m e n , p l a a t s i n g  o p  d e  
b o d e m v a n  h e t  b o o r g a t  
- n e e r l a t e n v a n  d e  wa p e n i n g  m e t  h a a r  m o f f en b u i s  
- n a  e nk e l e u r e n  w a c h t e n , i n s p u i t e n o n d e r  d r u k v a n  d e  v e r a n k e r i n g s z o n e  
v a n u i t  e e n m o f f en b u i s . 
G e  v a  Z 2 
M i k r o p a l e n  b e s t a a n d e u i t  b u i z e n v a n  h e t  p e t r o l e u m t y p e  v o o r z i e n v a n  
m o f f e n .  D e z e  b u i z e n z i j n a a n  h e t  b o v e n s t e  d e e l  v a n  d e  v e r a n k e r i n g  
v o o r z i e n v a n  e e n  i n j e k t e e r b a r e  a f s t a n d h o u d e r  e n  v e r s p r e i d  o v e r  d e  
g eh e l e  v e r a nk e r i n g s l e n g t e  z i j n  e r  o p e n i n g e n b e d e k t  m e t  e e n  r u b b e r e n  
m o f , d i e d e  t e r u g v l o e i i n g  v a n  d e  c e m e n t m e l k  i n  d e  b u i s  g e d u r e n d e 
e n  n a  h e t  i n s p u i t e n mo e t  v o o r k o m e n . 
2 . A f m e t i n g e n  
2 . 1 �!!E!!f�!E ! � � �� : b u i z e n v a n  5 1  t o t  1 2 7 m m . 
2 0  t o t 2 5  m .  
3 .  H e l l i ng t e n o v e r s t a a n v a n  d e  v e r t i k a l e  a l l e  h e l l i n g e n .  
� 4 . T o e l a a t b a r e  b e l a s t i ng e n  ( x )  .. e ... 
ll 
� 5 .  A n d e r e  k a r a k t e r i s t i e k e n ... .. 
:ti �  
: �  5 . 1  M a c h i n e s  . -.. .. ao ..a  c e -;:: ., .. .. ... .. c c  � .  !! .. ... .... .. = Ci D  · �  ... .. N "'  - e . ..  > -...: C 
D e  a f m e t i n g e n  k u n n e n  z e e r  b e p e r k t  z i j n ,  b i j  v o o r b e e l d  v o o r  w e r k e n  1 n  
k e l d e r s ,  v o o r  o n d e r v an g i n g s w e r k e n . 
( :x: )  Z i e  I n l e g b l a d 1 2 .  
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F O N T E C  
S O L E T A N C H E  
B e n a m i n g  v a n 
h e t  p r o c é d é  B O O R P AA L  M E T  K L E I N E  D I A M E T E R  ( M I K R O P A A L  I . M . )  
U i t g e v o e r d d o o r  F O N T E C ,  N . V . , B R U S S E L  
S O L E TA N C HE , N . V . , B R U S S E L 
1 .  U i t v o e r i ng 
a .  U i t v o e r i n g  v an h e t  g a t  d o o r  u i t g� a v i n g  v a q  d e  g r o n d , m e e s t a l  m e t  
e e n d r i e k e g e l b o o r  e n  c i r k u l a t i e  v a n  h e t  b o o r s l i b . 
b .  H e t  g a t  k a n  wo r d e n  b e s c h e r m d  d o o r t i x o t r o p i s c h  s l i b ,  d o o r  e e n r e ­
k u p e r e e r b a r e  o f  d e f i n i t i e v e  v o e r b u i s . 
G e v a l  1 
B o o r p a a l  m e t  t i x o t r o p i s c h  s l i b  o f  v o o r l o p i g e  v o e r b u i s  
- n a i n j e k t i e  v a n d e  b o o r o p e n i n g  d o o r  m i d d e l  v a n e e n  k o k e r s l i b , p l a a t s t  
m e n  d e  w a p e n i n g  e n  �e t i n j e k t i e s y s t e e m ( s o o r t  m o f f e n b u i s ) . W a n n e e r 
d e  wa p e n i n g  e e n  m e t a l e n b u i s  i s , k a n  z e  wo r d e n u i t g e r u s t  m e t  m o f f e n 
e n  h e t  i n j e k t i e s y s t e e m o p  z i j n p l a a t s ho u d e n 
- u i t t r e k k e n  v a n  d e  e v e n t u e l e  v o o r l o p i g e  v o e r b u i s  
- n a  d e  b i n d i n g  v a n  h e t k o k e r s l i b , w o r d e n  d e  h e c h t i n g s k a r ak t e r i s -
t i e k e n  v a n d e  m i k r o p a a l  a a n  d e  g r o n d  v e r b e t e r d  d o o r  d e  i n j e k t i e  
v a n  e e n  v a s t m e t s e l i n g s p e c i e .  
G e v a l  2 
B o o r p a a l  m e t  d e f i n i t i ev e  b u i s  
- d e z e  b u i s  b e d i e n t  h e t  b o o r t o e s t e l e n  w o r d t  t e r p l a a t s e  g e l a t e n e e n ­
m a a l  d a t  d e  g e we n s t e  d i e p t e  w e r d  b e r e i k t , D e  h e c h t i n g  ka n wo r d e n 
v e r b e t e r d  d o o r  h e t  i n b r e n g e n  v a n  e e n s l i b 
- d e  a a n s l u i t i n g  v a n  d e  w a p e n i n g  k a n  g e s c h i e d e n d o o r  e l e k t r i s c h 
b o o g l a s s e n o f  d o o r  s p e c i a l e  g e s c h r o e f d e  m o f f e n  ( s t a v e n  m e t  e e n  
h o g e  e l a s t i c i t e i t s g r e n s ) .  
2 . A f m e t i n ge n  
2 . 1  ���E ��!� �!��g��  
R o n d e  d o o r s n e d e : 0 1 0 0 t o t  2 0 0  m m . 
M a x i m u m  u i t g e v o e r d  : 0 6 6 0  m m . 
2 5  t o t  3 0  m m a x � m u m  u i t g e v o e r d  4 2  m .  
3 .  H e l l i ng t e n  o v e r s t a a n  v a n  d e  v e r t i k a l e  a l l e  h e l l i n g e n .  
4 .  T o e l a a t b a r e  b e l a s t i ng e n  
4 . 1  D r u k 
O v e r  h e t  a l g e m e e n  1 0 0 t o t 1 .  7 5 0  k N  . H a n g t a f  v a n  d e  g e b r u i k t e  w a p e n i n g . 
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4 . 2  T r e k 
Z e e r  h o g e  w a a r d e n 
( s t e e n ) . 
e r  w e r d e n u i t d r u k p r o e v e n  v e r r i c h t  t o t  4 . 0 0 0  k N  
m a x L m u m  u i t g e v o e r d  m e t  0 1 8 0 m m  : 5 7  k Nm . 
g e r i n g  ( e n k e l e  t i e n t a l l e n k N ) . 
5 .  A n d e r e  k a r a k t e r i s t i e k e n 
5 . I M a t e r i a l e n 
a .  
b .  
c .  
C e m e n t s p e c i e  g e d o s e e r d  a a n t e n m i n s t e 1 . 2 0 0  k g / m 3 c e m e n t . B i j  d e  k e u ­
z e  v a n  d e  g e b r u i k t e b i n d m i d d e l e n m o e t  r e k e n i n g  w o r d e n g e h o u d e n m e t  
d e  r e s u l t a t e n v a n  d e  c h e m i s c h e  a n a l y s e v a n  h e t  g r o n d wa t e r . 
B o o r s l i b b e s t A a n d e  u i t  w a t e r , b e n t o n i e t  o f  b i p o l y rn e r e n  e n  e v e n t u e e l  
k l e i ,  c e m e n t  e n  t o e s l a g s t o f f e n .  
W a p e n i n g  
a l l e e n  d e  d o o r s n e d e  v a n  h e t  s t a a l  w o r d t  i n  b e s c h o u w i n g g e n o m e n ; 
m e n v e r m e n i g v u l d i g t d e  s t e r k t e  v a n  h e t s t a a l  d i e  d e  r e g l e m e n t e � i ng 
t o e l a a t  v o o r  d e  b e r e k e n i n g  v a n  k l a s s i e k e  b o u ww e r k e n m e t  d e  k o ë f f i ­
c i ë n t  0 , 6 7 ,  o m  r e k e n i n g  t e  h o u d e n  m e t  d e  t a l r i j k e  v e r b i n d i n g e n t u s s e n  
d e  b u i z e n o f  a n d e r e  w a p e n i n g e n 
g e b r u i k  v a n  b e s c h e r m d  s t a a l  ( e p o x y h a r s ,  . . .  ) o f  o v e r g e d i m e n s i o n e e r d  
s t a a l  : 
2 - b u i s  m e t  d i k k e  w a n d  v a n  s t a a l  m e t  e l a s t i c i t e i t s g r e n s � 5 0 0  N / mm 
- s t a a l s t a v e n  v e r b o 2 d e n m e t  s c h r o e f m o f f e n , v a n  s t a a l  m e t  e l a s t i c i t e i t s -
g r e n s -<;  1 .  I 0 0  N / mm 
- b u n d e l  s t a l e n s � a v e n  i n  e e n d i kk e  b u i s  v a n  s t a a l  m e t  e l a s t i c i t e i t s ­
g r e n s � 5 0 0  N / mm . 
5 . 2  M a c h i n e s  
D e  a f m e t i n g e n  k u n n e n  z e e r  k l e i n  Z L J n ,  b i j  v o o r b e e l d  v o o r  w e r k e n  L n  
k e l d e r s  o f  v o o r o nd e r v a n g i n g s w e r k e n . 
5 . 3 � � � � � � � � f � ! �� i -� � � - i � - E � � � � � - � � � - ���i�E � � � � �� 
Z e e r  k l e i n o f  n u l n a a �g e l a n g  d e  v o o r w a a r d e n ; m o e t  L il  i e d e r  a f z o nd e r l i j k 
g e v a l wo r d e n b e s t u d e e r d . 
2 4 0  
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F O N T E C  
S O L E T A N C H E / 3  
6 .  U i t v o e r i n g s s c h e m a  
1 2 3 4 5 
A fb . 1 .  
1 .  p e rfo r a t i e  
2 .  p l a a t s i n g  v a n  de wa p e n i � g e n  v a �  a e  m o ffe � b u i a 
3 . �· :d Z i  n g m e  t s î i  b 
4 .  { >'l j � k t i e  V a >'!  de h :J l t e d � o r  d e  rr u ffe n b u i s  
5 . :J -3 r b i  n çl i n  g rn e t à a b o v e n  ö :::; u L' 
2 4 J  
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S T U M P  
B e n a m i n g  v a n  
h e t  p r o c é d é  B O O R P AAL M E T  KL E I N E  D I AM E T E R  ( W O R T E L P AAL ) 
U i t g.e V 0 e r d d 0 0 r S T  U M P  B E N  E L U  X , N . V . , B R U  S S F. L 
1 .  U i t v o e r i ng 
A a n g e z i e n  h e t  d o e l  b e s t a a t  � n  h e t o v e r d r a g e n  t o t o p  d e  g o e d e  g r o n d v a n  
b e l a s t i n g e n  d i e r e e d s w o r d e n  u i t g e o e f e n d  ( g e b o u w , r e e d s  g e b o u w d e k o n ­
s t r u k t i e  o f  k o n s t r u k t i e  i n  o p b o u w ) , m a a r  d i e  b i j  g e b r u i k  n i e t  o v e r a l  
o p  d e z e l f d e  w i j z e  r e a g e r e n ( d i f f e r e n t i ë l e  z e t t i n g e n ) , s p r e e k t  h e t  v a n ­
z e l f  d a t  p a l e n m e t  e e n k l e i n e  d i a m e t e r  wo r d e n  g e b r u i k t , d i e  w o r d e n u i t ­
g e v o e r d  m e t  m a t e r i e e l  d a t  v e r e n i g b a a r  i s  m e t  d e  p l a a t s r u i m t e  v a n  d e  
v e r t r e k k e n  ( k e l d e r s )  o f  v a n  d e  t e r  b e s c h i k k i n g  g e s t e l d e  p l a a t s e n .  
D e z e  z o g e n a a m d e  wo r t e l p a l e n wo r d e n u i t g e v o e r d  h e t z i j  d o o r h e e n f u n d e ·· 
r i n g s m a s s i e v e n ,  h e t z i j v o l g e n s  e en o n d e r g r o n d s  b a l k e n n e t  d a t  d e  k o l o m ­
m e n b u i t e n d e  g r o n d  o n d e r s t e u n t . 
a .  O v e r  h e t  a l g e m e e n v e r t i k a l e b o r i n g , w a a r b i j  d e  b o o r b u i s  d i e n t  a l s 
b e k i s t i n g v o o r  d e  t o e k o m s t i g e  p a a l . D e  a a n d a c h t  d i e n t  g e v e s t i g d  o p  
h e t  b e � a n g  v a n  h i nd e r n i s s e n d i e  z i e � e v e n t u e e l  i n  d e  n a b i j h e i d  v a n  d e  
w e r k e n k u n n e n  b e v i n d e n . H e t  b o o r g a t  w o r d t  o v e r  d e  g e h e l e  h o o g t e  v o o r ­
z i e n  v a n e e n v o e r b u i s , t e n  e i n d e  i n s t o r t i n g e n  t i j d e n s  d e  w e r k e n  t e  
v o o r k o m e n . O m  d e  u i t s c h u r i n g v a n  d e  g r o n d t e  v o o r k o m e n , k a n  o o k  z o n ­
d e r  w a t e r  w o r d e n  g e b o o r d . H e t  r e n d e m e n t  i s  d a n e c h t e r k l e i n e r . 
b .  I n s p u i t e n  v a n  c e rn e n t p a p  o n d e r  e e n v e r a n d e r l i j k e  d r u k  ( 0 , 6  t o t  2 N / m m 2 
e n  m e e r ) . D e  v o e r b u i s  v a n  h e t b o o r g a t  w o r d t  u i t g e t r o k k e n  n a a r m a t e  h e t 
i n b r e n g e n  v a n  d e  p a p  o n d e r  d r u k , d i e a l d u s  r e c h t s t r e e k s  i n  k o n t a k t  m e t  
d e  g r o n d i s . A a p d e  v o e t  w o r d t d e  d r u k s t e r k  v e r h o o g d  o m  e e n u i t s t u l ­
p i n g  t e  v o r m e n . 
c .  D e  s c hu i f w e e r s t a nd v a n  d e  p a a l  k a n  w o r d e n  v e r h o o g d d o o r  h e t  i n ­
b r e n g e n  i n  d e  b o o r b u i s  v a n  e e n  v e r t i k a l e  w a p e n i n g  b e s t a a n d e u i t  e e n  
o f  m e e r  s t a v e n  v a n  0 1 6  rn m . 
E e lt b u i s v o r m i g e  wa p e n i n g m e t  e e n g r o t e r  t r a a g h e i d s rn o rn e n t  k a n  e v e n e e n s  
� o r d e n  vo o r z i e n  ( s t a a l  v a n b e t e r e  k wa l i t e i t  d a n v a n  g e w o n e  w a p e n i n g e n )  
G e z i e n d e  b e p e r k t h e i d  v a n  d e  w e r k r u i m t e , · m o e t e n  d e z e  b u i z e n wo r d e n i n ­
g e b r a c h t  i n  v e r s c h e i d e n e  e l e m e n t e n , d i e  a a n  e l k a a r  z i j n  g e l a s t  o f  g e ­
s c h r o e f d , n a a r m a t e  hu n p l a a t s i n g . 
D o o r  h e t i n s p u i t e n o n d e r h o g e  d r u k  w o r d t  o v e r d e  g e h e l e l e n g t e  v a n  d e  
p a a l  e e n r e e k s  u i t s t u l p i n g e n  g e v o r m d  e n  w o r d e n d e  k r a c h t e n g e d e e l t e l i j k 
o p  d e  g r o n d  o v e r g e d r a g e n , i n d i e n d e  a a r d  v a n  d e  g r o n d d i t  t o e l a a t  . 
D e  k o p  v a n  d e  wo r t e l p a a l  wo r d t b e s t u d e e r d i n  f u n k t i e  v a n  d e  t e  s t a b i l i ­
z e r e n  f u n d e r i n g s m a s s i e v e n  ( v e r b i n d i n g  v a n  d e  b e s t a a n d e  e n  n i e u w e  w a p e ­
n i n g e n ) o f  v a n  e e n  v o o r g e s p a n n e n  b a l k e n n e t r o n d h e t  m a s s i e f  d a t  a l l e  
u i t g e v o e r d e p a l e n o rn k r o o n t . 
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2 .  A f m e t i n g e n 
O n g e w a p en d e  p a a l  o f  p a a l  g e w a p e n d  m e t  s t a v e n  o f  s t a l e n b u i z e n , n a a r g e ­
l a n g  d e  s t u d i e  : � 1 2 0 t o t  1 5 0 m m . 
M a x i m a l e  v e r b r e d i n g v a n  d e  v o e t  d o o r  d r u k v e r h o g i n g  : v o r m i n g  v a n  e e n 
u i t s t u l p i n g  m e t  e e n  d i a m e t e r  v a n  2 0 0  t o t  2 5 0  m m . 
D e  l e n g t e  v a n d e  p a l e n s c h o m m e l t  p r a k t i s c h  t u s s e n 7 e n  1 5  m .  
3 .  H e l l i ng t e n o v e r s t a a n  v a n  d e  v e r t i k a l e  
D e  p a l e n z i j n  p r a k t i s c h  a l t i j d  v e r t i k a a l , � n  f u n k t i e  v a n  h e t t e  b e r e i ­
k e n  d o e l . 
E e n  h e l l i n g ,  t e c h n i s c h  m o g e l i j k ,  v e r m i n d e r t  s t e r k  d e  d r a a g k r a c h t  v a n  d e  
p a a l  ( kn i k ) e n  m o e t  v o o r  i e d e r  a f z o n d e r l i j k g e v a l  w o r d e n b e s t u d e e r d . 
4 .  T o e l a a t b a r e  b e l a s t i n g e n  
D �  p a l e n w o r d e n  g e b r u i k t  v o o r  d e  o p l o s s i n g v a n  d e  v o l g e n d e p r o b l e m e n  
d i f f e r e n t i ë l e  z e t t i n g  v a n b e s t a a n d e f u n d e r i n g e n 
- v e r h o g i n g  v a n  e e n g e b o u w 
- w i j z i g i n g v a n  h e t  g e w i c h t v a n  m a c h i n e s , r e s e r v o i r s , e n z .  o p  b e s t a a n d e  
f u n d e r i n g e n . 
4 . 1  D r u k 
P r a k t i s c h  7 0  t o t  5 0 0  k N  p e r  p a a l . M e n  m o e t  e v e n e e n s  r e k e n i n g  h o u d e n  
m e t  d é  l e n g t e  v a n  d e  p a a l  e n  m e t  d e  d o o r b o o r d e  g r o n d ( 0 , 0 3 N / mm 2 b i j  
w r i j v i n g ) . 
4 . 2  � E � �  ( z i e  S t e e k k a a r t 1 9  S T U MP ) . 
G e r i n g , r e k e n i n g  h o u d e n d m e t  d e  0 v a n  d e  p a a l , m e t  h e t  l i c h t e t y p e  w a ­
p e n � n g , z e l f s  b u i s w a p e n i n g , e n  m e t  d e  l e n g t e  v a n  d e  wo r t e l p a a l . 
D e  w o r t e l p a l e n k u n n e n  wo r d e n g e ko m b i n e e r d m e t  v e r a n k e r i n g e n , b i j  v o o r ­
b e e l d  w a n n e e r  d e  b e l a s t i n g  b e t r e k k e l i j k  g r o o t i s . Z o n i e t  v o l s t a a t d e  
g e b r u i k e l i j k e  k r o o n  v a n  w o r t e l p a l e n d i e  m o n o l i t i s c h  g e m a a k t i s , r u i m ­
s c h o o t s  a l s t e g e n g e w i c h t v o o r  g e r i n g e  b e l a s t i n g e n . 
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5 .  A n d e r e  k a r a k t e r i s t i e k e n  
5 . 1 M a t e r i a l e n  
S t e e k k a a r t 1 2 
S T U M P / .3 
a .  N o r m a l e c e m e n t p a p ( P  3 0 0 )  ; W / C  = 0 , 4 7  i n  f u nk t i e  v a n  d e  g r o n d , 
s o m s  t o e v o e g i n g  v a n  z a nd i n d i e n  t e  g r o o t c e m e n t p a p v e r b r u i k .  
b .  L a n g s w a p e n i n g  1 t o t  3 s t a v e n  v a n � 1 6  m m  + b e u g e l s o f  b u i s w a -
p e n i n g  v a n  s t a a l . 
5 . 2  M a c h i n e s  
G e b r u i k  v a n  b o o r o p  w i e g  v o o r  n a u w e  r u i m t e n . 
P l a n a f m e t i n g e n : 1 , 8 0 m x 0 , 9 0 m .  
H o o g t e  1 , 6 0 m .  
G e w i c h t  : o n g e v e e r  1 2  k N . 
0 , 4 0 m . 
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